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PREFACE. 

It is with iDcreased diffidence 1 
lUthor offers tliis little work to the | 
irhe encouraging reception which the ( 
Tersations on Chemistry, and Political I 
nomy have met with, has induced '. 
I venture on puhliahing a-^ort course on ] 
I tural Philsophy ; but riot '.fUhout the g 
est apprehen9ious.-fpffit:s success. Her i 
norance of matheni'-itics; juid thi: impo 
knowledge of natural philosophy which tl^ 
isadvantage necessariW implie.'j, rend 
ler fully sensible of her incoinpetrncj 
treat the subject in any other way than in 
the form of a familiar explanation of the 
'first elements, for the use of very young 
»upils. It is the hope of having done tlus 
a manner that may engage tlieir atten- 
n, which encourages her to ofi>!r them 
these additional lessons. 



They are intended, in S'^c^rse of ele- 
mentary science, to precede the Conver- 
sations on Chemistry ; and were actually 
written previous to either of her former 
puhlications. 
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I 

I MTT8T request your assistane^, my dear Mrs. B.,in 
a charge which I have latelv undertaJcen : it is that of 
instructing my youngest sister, a task, which I find 
proves more difficult than I had at first imagined. I 
can teach her the common routine of childreir s lessons 
tolerably well ; but she is such an inquisitive litde crea- 
ture, that she is not satisfied without a^ explanation of 
every difficulty that occurs to her, and frequently asks 
me questions which I am at a loss to answer. This 
morning, for instance^ when I had explained to her that 
the world was round like a baU, instead of being flat as 
she liad'fSupposed, and that it watf surrounded by the 
air, she asked me what supported it. I told her that it 
required no support ; she then enquired why it did not 
L bll as every thing else did i This I confess perplexed 
ne ;, for I had myself been satisfied with learning that 
die world floated m the air, without considering how 
unnatural it was tiiat so heavy a body, bearing the 
weiclit of all other things, should be able to support r^ 
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.Tfr5« B. I make no doubt, my dear, but that I sbiU 
be able to explain this difficulty* to you; but I believe 
that it would be almost impossible to render it mtelfigi- 
ble to the comprehension of so young a child as your 
sister Sophia. You, who are now in your thirteeodi 
year, may, I think, with great propriety, learn not only 
the cause of this particular fact, but acquire a general 
knowledge of the laws by which the natural world is 
governed. 

Emily. Of all things, it is what I should most like 
to learn ; but I was afraid it was too dificult a study 
even at my age. 

Mrs* B. Not when familiarly explained : if you 
have patience to attend, I will most willingly give you 
all the information in my power. You may perhaps 
find the subject rather dry at first ; but if I succeed in 
explaining tne laws of nature, So as to make you unde ' 
* stand them, I am sure that you will derive not only in- 
struction, but great amusement from that study. 

Emily. I make no doubt of it, Mrs. B. ; and pray 
hegin by explaining why the earth requires no support; 
for that is the point which just now most stron^y ex- ■ 
cites my curiosity. 

J^Irs. B. My dear Emily, if I am to attempt to gwt 
you a general idea of the laws of nature, which is to 
less than to introduce you to a knowledge of the science 
ef natural philosophy, it will be necessary for us to pro- 
ceed with some degree of regularity. I do not wish to 
confine you to the systematic order of a scientific trea- 
tise ; but if we were merely to examine every vague 
question that may chpnce to occur, our progress would 
be hut ver}'^ slow. Let us, therefore, begin by taking a 
short survey of the general properties of boaies, some 
of which must necessarily be explained before I can a^ 
tempt to make you understand why the earth requires 
no support. 

When I speak of bodies^ I mean substances, of what- 
ever nature, whether solid or fluid ; and matter is the 
general term used to denote the substance, whatever i*^ 
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nature be, of which the different bodies arc composed. 
Thus, wood is the matter of which this table is mudc^ 
water is the matter with which this glass is filled, ^c. 

Emily* I am very glad you have explained the 
meaning of the word matter, as it has corrected an it- 
roneous conception I had formed of it : I thought that 
it was applicable to solid bodies only. 
. Mrs. B* There are certain properties which appc :ir 
to be common to all bodies, and are hence called t}^ . 
essential properties of bodies ; these arc, Impenefrahili'y, 
Exteimon^ Figure^ JMvisihUity^ Inertia^ and Jit traction. 
These are called the general properties of bodies, as \\ r 
do not suppose any body to exist without them. 

By impenetraJbility^ is meant the property M'hich ho- 
dies have of occupying a certain space, so that, \\ i:. w ^ 
one body is, another cannot be, without displacin;; th< 
former; for two bodies cannot exist in the same j^!.:\.' 
at the same time, A liquid may be more easily rvir*,) 
ved than a solid body ; vet it is not the less substaMi^u 
since it is as impossible for a liquid and a solid to iinry. 
py the same space at the suniL time, as for two suUd !;o*- 
dies to do so. For instance^ if you put a spoon intii » 
g^s full of water, the water will flow over to tuuke 
ioovci for the spoon. 

EkiiUy, I understand this perfectly. Liquids ar^ in 
reality as substantial or as impenetrable as solid bodies, 
and they appear less so, only because they are more 
easily displaced. 

Mrs. B. The air is a fluid differing in its nature from 
liquids, but no less impenetrable. If I endeavour to 
£11 this phial by ^'plunging it into this bason of water, the 
air, you see, rushes out of the phial in bubbles, in order 
to make way for the water, for the air and the water 
cannot exist together in the same space, any more than 
two hard bodies ; and if I reverse this goblet, and 
plunge it perpendicularly into the water, so that the air 
will not be able to escape, the water will no longer be 
«ble to fill the goblet. 

j^nily* But it rises a considerable way into the g^las^. 
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JIfrj. J?. Becauseifhe water compresses or equMMS 
ihe air into a small space in the upper part of the ^M; 
but, Eis long as it remains there, no other body can ce- 
cum' the same place. 

EmUy. A difficulty lias just occurred to me, wiA 
-regard to the impenetrability of solid bodies ; if a nail 
is driven into a piece of wood, it penetrates it, and 
both the wood and the nail occupy the same space that 
the wood alone did before ? 

•Ifrs. B. The nail penetratfes between the partidri 
tjf the wood, by forcing them to make way for it ; for 
you know that not a single atom of wood can remain is 
the space which the nail occupies ; and if the woed i( 
not increased in size by the addition of the nail, it il 
because wood is a porous substance, like sponge, ihs 
particles of which may he compressed or squeezed do- 
aer together; and it is thus that they make way for ihf) 
naiU 

We may now proceed to the next general proper*? 
•tf bodies, extension. A body which occupies a cert^ 
space must necessarily have extension ; that is to iwft 
length, breadth, and diptk; these are called the ditaoi- 
sions of extension: can you form an idea of any bodtVj 
•without them ? "S 

Emibj. No ; certainly I cannot ; though these S- 
mensions must, of course, vary extremely in different 4 
bodies. The length, breadth, and depth of a box, or of 
a thimble, are very different frt^ those of a walkio^j 
illick, or of a hair. " 

But is not height also a dimension o£ extension? 

Mn. B. Height and depth are the same dimensioM, ' 
considered in different points of view j if jou measuiw 
a body, or a space, from the top to the bottom, you caD 
itdeptli; iffrom the bottom upwards, you call it height; 
thus the depth and height of a box are, in fact, the same 
thing. 

Emily. Very true { a moment's consideration would 
bave enabled me to discover that ; and breadth aoid 
' vridth arc also the siune dimension. 
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Mrs* B. Yes \ the limits of extension constitute^^ure 
or shape. ,' You conceive that a body Jiaving lengthy 
breadtn, and depth, cannot be without h>rni, either sym- 
metrical or irregular ? 

Emily. Undoubtedly ; and this property admits of 
almost an infinite variety. 

Mrs. B. Nature has assigned regular forms to her 
productions in general. The natural form of mineral 
substances is that of crystals, of which there is a great 
variety. Many of them are very beautiful, and no less 
remarkable by their transparency, or colour, than by the 
perfect regularity of their forms, as may be seen in the 
various museums and collections of natural histor)". 
The vegetable and animal creation appears less symme- 
trical, but is still more diversified in figure than the mi<- 
neral kingdom. Manufactured substances assume the 
Tarious arbitrary forms which the art of man designs 
for them ; and an infinite number of irregular forms are 
poduced by fractures, and by the dismemberment of 
die parts of bodies. 
Emily m Such as a piece of broken china, or glass ? 
Mrs. B. Or the fragments of mineral bodies which 
are broken in being dug out of the earth, or decayed by 
die effect of torrents and other causes. The picturesque 
effect of rock-scenery is in a great measure owing to ac- 
cidental irregularities of this kind. 
, We may now proceed to divisibility; that is to say, 
a susceptibility of being divided into an indefinite num- 
ber of parts. Take any small quantity of matter, a grain 
of sand for instance, and cut it into two parts ; these 
two parts might be again divided, had we instruments 
sufficiently fine for tfie purpose ; and if by means of 
t pounding, grinding, and other similar methods, we car- 
•ry this division to the greatest possible extent, and re- 
duce the body to its finest imaginable particles, yet not 
one of the particles will be destroyed, and the body will 
continue to exist, thoup;h in this altered state. 

The melting of a solid body in a liquid affords a very 
Striking example of the extreme divisibility of maU^x .\. 
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when you sweeten a cup of tea, for instance, vnih 
minuteness the. sugar must be divided to be difiused 
throughout the whole of the liquid. 

Emily. And if you pour a few drops of red wine in* 
to a glass of water, they immediately tinge the whole of 
the water, and must therefore be diffused throughout it. 

JHr$. B. Exactly so ; and the perfume of this laven- 
' der water will be almost as instantaneously difliised 
throughout the room, if I take out the stopper. 

Emily. But in this case it is only the perfuqieof dte 
lavender, and not the water itself, ^at is diffused intlie 

Mrs. B. The odour or smell of a body is part of the 
body itself, and is produced by very minute particles or 
. exhalations which escape from odoriferous bodies. ' It 
would be impossible that you should smell the lavender- 
water, if particles of it did not come in actual contact 
with your nose. 

Emly. But when I smell a flower, I see no vapour 
I'ise fi-om it ; and yet I can perceive the smell at a con- 
' siderable distance. 

Mrs. B. You could, I assure you, no more smell a 

flower, the odoriferous particles of which did not toucft 

vour nose, than you could taste a fruit, the Savoured- 

particles of which did not come in contact with your 

_ tongue. 

Emily. That is wonderful indeed ; the particles then, 
which exhale from the flower and from the lavender-. 
. water, are, I suppose, too smalt to be visible f 

Mrs. B. Certjunly ; you may form some idea of 
iheir extreme minuteness, from the immense number 
which must have escaped in order to perfume the whole 
room ; and yet there is no sensible diminution of the 
liquid in the phial. 

Emiltj. But the quantity must really be diminished .' 

Mrs. B. Undoubtedly ; and were you to leave the 

, bottle open a sufficient lenglh of time, the whole of the 

water would evaporate and disappear. But though so 

'inotely subdivided as lo be imperceptible to any ©f 
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our senses, each particle would continue to exist ; forlt 
is not withiQ the power of man to destroy a single par- 
ticle of matter: Dor is there any reason to suppose that 
nature an atom is ever annihilated. 
JSmiiy, Vet, when a bod^ is burnt to aabcs, part of 
it, at least, appears to be eflectually destroyed i LfX>k 
'liow small is the residue of ashes beneath the grate, from 
all ihc coals which have been consumed within it. 

Mrs. B. That part of the coals, which you suppose 
to be destroyed, evaporates in the form of smoke and 
fVapour, whilst the remainder is reduced to ashes. A 
"body, in burning, undergoes no doubt very remarkable 
'vhanges ; it is generally subdivided ; its form and co- 
"^our altered ; its extension increased : but the various 
oarts, into which it has been separated by combustion, 
continue in existence, and retain all the essential pro- 
^~ lertiea of bodies. 

Emily. But that part of a burnt body which evapo- 
Rtes in smoke has no figure ; smoke, it is true, ascends 
Vt columns into the air, but it is soon so much diffused 
as to lose all form ; it becomes indeed invisible. 

Mrs. B. Invisible, I allow ; but we must not ima- 
jpxiv that what we no longer see no longer exists. Were 
vveiy particle of matter that becomes invisible annihi- 
lated, the world itself would in the course of time be 
destroyed. The particles of smoke, when diffused in 
the air, continue stilt to be particles of matter as well 
as when more closely united in the form of coals : they 
are really as substantial in the one state as in the other, 
and equally so when by their extreme subdivision they 
become invisible. No particle of matter is ever destroy- ' 
cd : this is a principle you must constantly remember. 
Every thing in nature decays and corrupts in the lapse 
of time. We die, and our bodies moulder to dust ; but 
not a single atom of them is lost ; they serve to nourish 
die earth, whence, while living, they drew their support. 
The next essential properly of matter is called imer- 
<UI; this word expresses the resistance which inactive 
matter makes to a change of state. Bodies appear to 
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be equally incapable of ch.-mging their actual 

u-hethcr it be of mutton or of rest. ¥oti-icni3fW dM 
requires force to put a bodv which is at rest in motion i 
a« exertion of strength is also requisite to stop a bo^ 
which IS already in motion. The resistance of the bo- 
dy to a change of state, in either case, is called its inerfto. 

Emily. In playing at base-ball I am obliged to use 

all my strength to give a rapid motion to the ball ; and 

I when 1 have to catch it, I am sure I feel the resistance 

it makes to being stopped. But if I did no catch it, it 

would soon fall to the ground and stop of itself. 

Mrs. B, Inert matter is as incapable of stopping of 
itself, as it is of putting itself into motion : when thehlU 
ceases to move, therefore, it must be stopped by some 
other cause or power j but as it is one with which ym* 
are yet unacquainted, we cannot at present investigate 
its effects. 

The last property which appears to be common to aE' 
bodies is altradion. All bodies consist of infinitely 
amall particles of matter, each of which possesses tlw" 
* power of attracting or drawing towards it, and uniting ' 
with any other particle sufficiently near to be within ttd- 
influence of its attraction ; but in minute particles tfefc' • 
power extends to so very small a distance around theift^ 
that its efl'ect is not sensible, imless they are (or at leaC 
appear to be) in contact ; it then makes them stick ai" 
adhere together, and is hence called the attraction «f 
tohedon. Without this power, solid bodies would aU „ 
in pieces, or rather crumble to atoms. ■•*- 

EniUif. I ai« so much accustomed toseebodiesfiriB' 
and solid, that it never occurred to me thai any power 
was requisite to unite the particles of which iTiey arc;; 
composed. But the attraction of cohesion does not, I 
suppose, exist in liquids; for the particles of liquids do 
not remain together so as to form a body, unless con^ 
fined in a vessel i ar 

.Mrs. B. I beg your pardon i it is the attraction of 
cohesion which holds this drop of water suspended )gk4 
the Gild of my finger, and keeps the minute watery ptt-H 



Vcles of which it is composed united. But as this 
power is Btronger in proportion as the particles of bodies 
«re more closely united, the cohesive attraction of solid' 
Bodies is mach greater than that of fluids. 

The thinner and lighter a fluid is, the less is the co- 
lesive atQ^ction of its particles, because they are fur- 
ber apart ; and in elastic fluids, such as air, there is no 
Cohesive attraction among the particle5. 

EmUy. That is very fortunate ; for it would be im- 
lossible to breathe the air in a solid mass ; or even in • 
liquid state. 

But is the air a body of the same nature as other ho- 
lies! 
JUrs. B. Undoubtedly, in all essential properties. 
Emily. Yet you say that it does not possess one of 
fte general properties of bodies^-cohcsive attraction? 
^rs. B. The particles of air are not destitute of the 
lower of attraction, but they are too far distant from 
iach other to be influenced by it ; and the utmost eflfbrls 
pf human art have proved ineffectual in the attempt to 
Compress them, so as to bring them within the sphere 
&f each other's attraction, and make them cohere. 
EmUy. If so, how is it possible to prove that the^ 
n^rcndowed with this power I 

^rs. B. The air is formed of particles precisely of 
he same nature as those uPhich enter into the composi- 
tion of liquid and solid bodies, in which stute we have 
* proof of their attraction. 
~ Emily. It is then, I suppose, owing to the different 
degrees of attraction of different substances, that they 
are hard or soft ; and that liquids are thick or thin ? 

•W-j. B. Yes J but you would express your meaning 
bitter by the term (/ensi;-\ which denotes the degree tix 
closeness and compactness of the particles of a body ; 
thus you may say,bothof solids, and of liquids, that the 
Bttcmger the cohesive attraction, the greater is the den- 
«^ of the body. In philosophical language, density » 
taidtobc that property of bodies by which they contain 
I certain quantity of matter, mdc " c^Usn bulk or 
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nt&gnitude, Earity is the contrary of density i it dfi* 
notes the thinneas and subtlety of bodies: thus ym 
Would say that mercury or quicksilver was a very dense 
fluid J elher, a very rare one, he. 

Ctmtline. But how are we to judge of the qaiintitf 
of matter contained in a certain bulk? 

Mri. S. By the weight: under the same bulk bodiw 
are said to he dense in proportion as they are hea\'y. 

£ntt7y. Then we may say that metals arc dena^ bo- 
dies, wood compaxE^vely a rare OQe,^c. But,Mrs.&| 
when die particles of a body are &d near as to attract 
each odier, the effect of this power must increase 8 
^hey are brought by it closer together ; so that oD^ ', 
would suppose that the body would gradually augmat 
!n-density, till it was impossible for its particles tQ be 
more closely united. Now, we know that this is I 
the case ; for soft bodies, such as cork, sponge, or but< 
ter, never become, in cQnsct(uetice of the increasing It | 
traction of their particles, as hard as iron ? 

J>fr5. B. In such bodies as cork and sponge, ths 
particles which come-in contact are so few as to prO-J 
duce but a slight degree of cohesion ; they are porou>' 
bo£es, which, owing to the peculiar arrangement of_ 
their particles, abound with interstices which sepaott 
the particles ; and these vacancies are filled with H^; 
the spriue or elasticity of which prevents the cloaCFi 
union of tne parts. But there is another fluid mtutk 
more subttt; than air, which pervades all bodies, thia.il: 
heaU Heat insinuates itself more or less between tM 
particles of all bodies, and forces them asunder j ypip 
may therefore consider heat, and the attraction of cohtf* 
sion, as constantly acting In opposition to each pthfir. '' 

Emily. The one endeavouring to rend a bo(^ fc. 
pieces, the other to keep its parts firmly united. 

•Mrg. B. And it is this atruggle between the contend-^ 
"mg forces of heat and attraction, which prevents t 
extreme degree of density which would result fi 
s»lc inilucace of the attraction of cohesion. 
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JBmily^ The more a hociy is hcutvd ihcn, the ir.orr 
its particles will be scparatid. 

wT/r*. fl. Certainlv : we find thai !)odit s swtil or ili- 
late by heat : this crfict is vf r\ sensible in butter, lor 
instance^ which expands b^ thi* apprKutir.n of heat, till 
at length the attriiciirm of cohesion is m, lar diminished 
that the particles stparate , ar.d the bult»r betor.us li- 
quid. A similar cflei t is produced by heat on metals, 
and all bodies susctptible of Ixinj;;; milled. Liquids, 
Tou know, are made to l)oil l)y tlu application of heat ; 
the attraction of cohesion then yields tntireh lo the ex- 
pansive power; the panicles are totally separated and 
converted into steam or vapour. But iht agenc\ of he^it 
is in no body more sensible than in air, which dilatcB 
and contracts by its increase or diminution in a vcrj' 
remarkal^le degree. 

Emily, The tfl'ccts of heat appear to be one of trie 
ftost interesting parts of natural philosophy. 

•Wrs. 7i. That is true ; but heat is so intimately con- 
.nected with chemistry, that you must allow me to de- 
or the investigation of its properties till you become ac- 
<|aainted with that science. 

To return to its antagonist, the attraction of cohe- 
iion ; it- is this power which restores to vapour its li- 
quid form, which unites it into drops when it falls to 
earth in a shower of rain, which gathers the dew into 
brilliant gems on the blades of grass. 

Emily. And I have often observed that after a show- 
tr, the water collects into large drops on the leaves of 
jiaiits ; but I caimot say that 1 perfectly understand how 
ie attraction of cohesion produces this effect. 

Mrs. Bm Rain does not fall from the clouds in the 

|fcrm of drops, but in that of miat or vapour, which is 

posed of very small watery particles ; these in their 

^facent, mutually attract each other, and those that are 

ciently near in consequence unite and form a drop, 

thus the mist is transformed into a shower. The 

also 

mutual 



was originally in a state of vapour, but is, bv 
al attraction oi the particles, formed iu\o ^«v^^^ 
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globules on the blades of grass : in a similar m: 

rain upon the leaf coUecw into large drops, wlii 

they become too heavy for the leaf to support fall to the 

fp-ouDd. 

Emily. All this is wonderfully curious! I am al- 
most bewildered with surprise and admiration at tht 
number of new ideas I have already acquired. 

Jtfrs. B. Every step that you advance in the pursiub 
of natural science, will fill your mind with admiraitiab 
and gratitude towards its Divine Author. In the study 
of natural philosophy, we must consider ourselves as 
reading the book of nature, in which the bountiftJ good- 
Bess and wisdom of Cod is revealed to all mankind ; lA 
Study can then tend more to purify the heart, and raiul 
it to a religious contemplation of the Divine perfectio^b 

1 • There is another curious effect of the attractioD ut 
cohesion which I must point out to you. It enables li- 
quids to rise above their level in capillary tubes : thejl^ 
are tubes, the bores of which are so extremely an " 
that liquids ascend within them, from the cohesive 
.traction between the particles of the liquid and the _ 
terior surface of the tube. Do you perceive the wtit^ 
rising above its level in this small glass tube, which! 
have immersed in a goblet full of water ! 
■ Emily. Oh yea ; I see i t slowly creeping up the tl^l^ 
but now it is stationary : will it rise no higher i 

Mm. B. No ; because the cohesive attracti<m h 
tween the water and the internal surface of the ti^^ 
now balanced by the weight of the water within it e if 
the bore of the tube were narrower the water would 
rise higher; and if you immerse several tubes of 
of different siaes, you will see it rise to different heig^ 
in each of them. In making this experiment, you should 
colour the water with a litue red wine, in order to rea- 
der the effect more obvious. 

All porous substances, such as sponge, bread., 
&c. may be considered as collections of capillary tubcsl 
if you dip one end of a lump of sugar into water, dl« 

. water will rise in it, and wot it considerably abov^J^ 
wurfice of tliAt into which yoa dip it. 



OENERAL PROPERTIES OF BODIES. 25 

JSmily. In making tea I have often obsen^ed that 
effect, without being able to account for it. 

Mrs* B, Now that you are acquainted with the at- 
traction of cohesion, I must endeavour to explain to 
you that of Crravitatwrij which is a modification of the 
•tnie power) the first is perceptible only in very minute 
particles, and at very small distances ; the other acts on 
the largest bodies, and extends to immense distances. 

Emily. You astonish me : surely you do not mean 
to say that large bodies attract each other f 

Mrs* B, Indeed I do : let us take, for example, one 
of the largest bodies in nature, and observe whether it 
docs not attract other bodies. ^Vhat is it that occasions 
the fall of this book, when I no longer support it ? 

Emily. Can it be the attraction of the earth ? I 
thought that all bodies had a natural tendency to fall. 

Mrs. B. They have a natural tendency to fall, it is 
true ; but that tendency is produced entirely by the at- 
traction of the earth : the earth being so much larger 
than any body on its surface, forces every body, which 
is not supported, to fall upon it. 

Emily. If the tendency which bodies have to fall re- 
sults from the earth^s attractive power, the earth itself 
can have no such tendency, since it cannot attract itself,, 
and therefore it requires no support to prevent it from 
falling. Yet the idea that bodies do not fall of their 
own accord, but that they are drawn towards the earth 
by its attraction, is so new and strange to me, that I 
know not how to reconcile myself to it, 

Mrs. B. When you are accustomed to consider the 
fall of bodies as depending on this cause, it will appeal* 
to you as natural, and surely much more satisfactory, 
than if the cause of their tendency to fall were totally 
unknown. Thus you understand, that all matter is at- 
tractive, from the smallest particle to the largest mass ; 
and that bodies attract each other with a force propor- 
tional to the quantity of matter they contain. 

Emily m I do not perceive any difference between the 
attraction of cohesion and that of gravitation : is it not 

c 
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because every particle of matter i^ endowed with an at- 
tractive power, that large bodies, consisting of a great 
number of particles, are so strongly attractive ? 

Mrs. B. True, There is, however, this difference 
between the attraction of particles and that of masses, 
that the former is stronger than the latter, in proportion 
to the quantity of matter. Of this you have an instance 
in the attraction of capillary tubes, in which liquids 
ascend by the attraction of cohesion, in opposition to 
that of gravity. It is on this account that it is neces- 
sary that the bore of -the tube should be extremely small ; 
for if the column of water within the tube is not very 
minute, the attraction would not be able either to raise 
or support its weight, in opposition to that of gravity. 

You may observe, also, that all solid bodies are en- 
abled by the force of the cohesive attraction of their par- 
ticles to resist that of gravity, which would otherwise 
disunite them, and bring them to a level with the ground, 
as it does in the case of liquids, the cohesive attraction 
of which is not sufficient to enable it to resist the power 
of gravity. 

Emily. And some solid bodies appear to be of this 
nature, as sand and powder for instance : there is no at- 
traction of cohesion between their particles \ 

Mrs, B, Every grain of powder or sand is composed 
of a gi'eat number of other more minute particles, firmly 
united by the attraction of cohesion ; but amongst the 
separate grains there is no sensible attraction, because 
they are not in sufficiently close contact. 

Ermly, Yet they actually touch each other ? 

Mrs. Bm The surface of bodies is in general so rough 
and uneven, that when in actual contact, they touch 
each other only by a few points. Thus, if I lay upon 
the table this book, the bmding of which appears per- 
fectly smooth, yet so few of the particles of its under 
surface come in contact with the table, that no sensible 
degree of cohesive attraction takes place ; for you see, 
that it does not stick, or cohere to the table, and I find 
no difficulty in ^fting it off. 
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It is only when surfaces perfectly flat and well polish- 
ed are placed in contact, that the particles approach in 
sufficient number, and closely enough, to produce a sen- 
sible degree of cohesive attraction. Here are two he- 
mispheres of polished metal, I press their flat surfaces 
together, having previously interposed a few drops of 
oil, to fill up every litue porous vacancy. Now try to 
separate them. 

Emily. It requires an effibrt beyond mj' strength, 
though there are handles for the purpose of pulling them 
asunder. Is the firm adhesion of the two hemispheres, 
merely owing to the attraction of cohesion ? 

Mrs. B. There is no force more powerful, since it is 
by this that the particles of the hardest bodies are held 
together. It would require a weight of several poimds, 
to separate these hemispheres. 

Emiiy. In making a kaleidoscope, I recollect that 
the two plates of elass, which were to servx as mirrors, 
stu<^k so fast togetner, that I -imagined some of the gum 
I bad been using had by chance been interposed be- 
tween them ; but now I make no doubt but that it was 
their own natural cohesive attraction which produced 
this effect. 

Mrs. B. Very probably it was so ; for plate-elass 
has an extremely smooth, flat surface, admitting of the 
contact of a great number of particles, between two 
plates, laid one over the other. 

Emily . But Mrs. B«,the cohesive attraction of some 
bodies is much greater than that of others ; thus glue, 
gum, and paste, cohere with singular tenacity. 

Mrs. B. That is owing to the peculiar chemical pro- 
perties of thos^odies, independently of their cohesive 
attraction. 

There are some other kinds of modifications of at- 
traction peculiar to certain bodies ; namely, that of mag- 
netism, and of electricity ; but we shall confine our at- 
tention merely to the attraction of cohesion and of gra- 
vity ; the examination of the latter we shall resume act 
our next meeting. 
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1 HAVE related to my siater Caroline all that you 
have taught bic of natural philosophy, antt she has acia. 
ao much delighted by it, that she hopes you will haVtt 
the goodness to admit her to your lessons. 

Mrs. B, Very willingly ; but IdidDotthinkyouhftd 
any taste for studies of this nature, Caroline ? 

Caroline. I confess, Mrs. B., that hithefto I h' 
formed no very agreeable idea either of philosophy, 
■philosophers ; but what Emily liaa told me, has excited 
my curiosity ao much, that 1 shall be highly pleased if 
you will allow me to become one of your pupils. 

Jfrs. B. I fear that I shall not find )'ou so Mctabl^; 
a scholar as Emily ; I know that you arc much bia^iA 
in favour of your own opinions. ^^ 

Carolitie. Then you will have the greater meiitja 
reforming them, Mrs. B. ; and after all the wonders 
that Emily has related to me, I think I stand but little 
chance against you and your attractions, '^ 

Mrs. B. You will; I doubt not, advance a number of 
^bjectioas; but these I shall willincly admit, as thejT 
will be a iceans of elucidating the subject. Emily, da 
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you recollect the names of the general properties of bo- 
dies ? 

Emily. Impenetrabilit}'^, extension, figure, divisibi- 
lity, inertia, and attraction. 

Mrs. B. Very well. You must remember that these 

are properties common to all bodies, and of which they 

, cannot be deprived j all other properties of bodies are 

called accidental, because they depend on the relation 

or connection of one body to another. . 

Caroline. Yet surely, Mrs. B., there are other pro- 
perties which are essenual to bodies, besides those you 
have enumerated. Colour and weight, for instance, are 
common to all bodies, and do not arise from their con- 
nection with each other, but exist in the bodies them- 
selves ; these, therefore, cannot be accidental qualities ? 

Mrs. B. I beg your pardon ; these properties do not 
exist in bodies independently of their connection with 
otber bodies. 

Caroline. What ! have bodies no weight ? Does not^ 
this table weigh heavier than this book ; and, if one 
things weighs heavier than another, must there not be 
such a thing as weight ? 

Mrs. B. No doubt : but this property does not ap- 
pear to be essential to bodies ; it depends upon their 
connection with each other. Weight is an effect of the 
pow6r of attraction, without which the table and the 
book would have no weight whatever. 

Emily. I think I understand you ; is it not the at- 
traction of gravity, which makes bodies heavy ? 
^ Mrs. B. You are right. I told you that the attrac- 
tion of gravity was proportioned to the quantity of mat- 
ter which bodies contained 2 now the earth consisting 
of a much greater quantity of matter than any body 
upon its surface, the force of its attraction must neces- 
sarily be greatest, and must draw every thing towards 
it ; in consequence of which, bodies that are unsupj)ort- 
ed fall to the ground, whilst those that are supported 
press upon the object which prevents their fall, with 3 

€ 2 
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weight equal to the force with which they gravitate tCK 
wards the earth. 

Caroline. The same cause then which occaBions the 
fall of bodies, produces also their weight. It was very 
dull in me not to understand this before, as it is the 
natural and necessary consequence of attraction ; but 
the idea that bodies were not really heavy of themselves, 
appeared to me quite incomprehensible. But, Mrs. B., 
if attraction is a property essential to matter, weight 
must be so likewise ; for how can one exist without the 
other ? 

•Mrs. B, Suppose there were but one body existipg 
in universal space, what would its weight be r 

Caroline. That would depend upon its seize ; or 
more accurately speaking, upon the quantity of matter 
it contained. 

Emily. No, no ; the body would have no weight, 
whatever were its size ; because nothing would attract 
it. Am I not right, Mrs. B. ? 

Mrs. B, You are : you must allow, therefore, that 
it would be possible for attraction to exist without ; 
weight ; for each of the particles of which the body. was 
composed, would possess the power of attraction ; but ■ 
they could exert it only amongst themselves ; the whole 
mass having nothing to attract, or to be attracted by, 
v/ould have no weight. 

Caroline. I am now well satisfied that weight is not 
essential to the existence of bodies ; but what have you 
to object to colours, Mrs. B, ; you will not, I think, dLeny 
that they really exist in the bodies themselves. 

Mrs. B. When we come to treat of the subject of 
colours, I trust that I shall be able to convince you, that 
colours are likewise accidental qualities, quite distinct 
from the bodies to which they appear to belong. 

Caroline. Oh do pray explain it to us now, I am so 
very curious to know how that is possible. 

Mrs. B» Unless we proceed with some degree of or- 
der and method, you will in the end find yourself but 
little the wiser for all you learn. Let us therefore 50 
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• 

on regularly, and make ourselves well acquainted with 
the general properties of bodies, before we proceed fur- 
ther. 

Emily, To return, then, to attraction, ^which ap- 
pears to me by far the most interesting of them, since 
it belongs equally to all kinds of matter,) it must be 
mutual between two bodies ; and if so, when a stone 
falls to the earth, the earth should rise part of the way 
to meet the stone i 

Mrs. B* Certainly ; but you must recollect that the 
force of attraction is proportioned to the quantity of 
matter which bodies contain, and if you consider the 
difference there is in that respect, between a stone and 
the earth, you will not be surprised that you do not per- 
ceive the earth rise to meet the stone ; for though it is 
true that a mutual attraction takes place between the 
earth and the stone, that of the latter is so very small in 
comparison to that of the former, as to render its effect 
insensible. 

Emily. But since attraction is proportioned to the 

auantity of matter which bodies contain, why do not 
le hills attract the houses and churches towards them? 

Caroline. Heavens, Emily, what an idea! How 
can the houses and churches be moved, when thev are 
so firmly fixed in the ground ! 

Mrs. B. Emily's question is not absurd, and your 
answer, Caroline, is perfectly just ; but can you tell us 
why the houses and churches are so (irmly fixed in the 
ground? 

Catoline. I am afraid I have answered right by mere 
chance ; for I begin to suspect that bricklayers and car- 
penters could give but litde stability to their buildings, 
without the aid of attraction. 

Mrs. B. It is certainly the cohesive attraction be- 
tween the bricks and the mortar, which enables them to 
build walls, and these are so strongly attracted by the 
earth, as to resist every other impulse ; otherwise they 
would necessarily move towards the hills and the moun- 
tains; but the lesser force must yield to the ^t^^tj^'Ci 



\ ■• 



3^ OS THE ATTRACTIOK OF GRAVITY* 

There are, however^ some circumstances in which the at- 
traction of a large body has sensibly counteracted that 
of the earth. ll^ whilst standing on the declivity of a 
mountain, you hold a plumb-line in your hand, the 
weight will not fall perpendicular to the earth, but iu- 
cline a litde towards the mountain ; and this is owing 
to the lateral, or sideways attraction of the mountain^ 
interfering with the perpendicular attraction of the 
earth. 

Emily. But the size of a mountain is very trifling, 
compared to the whole earth ? 

Mrs. B. Attraction, you must recollect, diminishes 
with distance ; and in the example of the plumb-line^ 
the weight suspended is considerably - nearer to the 
mountain than to the centre of the earth. 

Caroline. Pray Mrs. B. do the two scales of a ba* 
lance hang parallel to each other ? 

Mrs. B. You mean, I suppose, in other words to in- 
quire whether two lines which are perpendicular to the 
earth, are parallel to each other I I believe I guess the 
reason of your question ; but I wish you would endea- 
vour to answer it without my assistance. 

Caroline. I was thinking that such lines must both 
tend by gravity to the same point, the centre of the 
earth ; jiow lines tending to the same point cannot be 
parallel, as parallel lines are always at an equal distance 
from each other, and would never meet. 

Mrs. B. Very well explained 5 you see now the use 
of your knowledge of parallel lines : had you been ig- 
norant of their properties, you could not have drawn 
such a conclusion. This may enable you to form an 
idf^a of the great advantage to be derived even from a 
sli^ht knowledge of geometry, in the study of natural 
philosophy ; and if, after I have made you acquainted 
with the first elements, you should be tempted to pur- 
sue the study, I would advise you to prepare yourselves 
by acquiring some knowledge of geometry. This sci- 
ence would teach you that lines wnich fall perpendicu- 
lar to the surface of a sphere cannot be paraUel) becauj?e 
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they would all meet, if prolonged to the centre of the 
sphere ; while lines that fall perpendicular to a plane 
«r flat surface, are always parsdlel, because if prolong- 
ed, they would never meet. 

Emily, And yet a pair of scales, hanging perpendi- 
cular to the earth, appear parallel ? 

Mrs* B. Because the sphere is so large, and the 
scales consequently converge so litde, that their incli- 
nation is not perceptible to our senses ; if we could 
construct a pair of scales whose beam would extend 
several degrees, their convergence would be very obvi- 
ous ; but as this cannot be accomplished, let us draw a 
small figure of the earth, and then we may make a pair 
ef scales of the proportion we please, (fig. 1. plate I.) 

Caroline. This figure. renders it very clear: then 
two bodies cannot fim to the earth in parallel lines ? 

Mrs. B. Never, 

Caroline. The reason that a heavy body falls quick- 
er than a light one, is, I suppose, because the earth at- 
tracts it more stronfi^v ?^ . _ _ 

Mrs. B. The earth, It is true, attracts a heavy body 
more than a light one ; but that would not msdce the 
one fall quicker than the other. 

Caroline. Yet,, since it is attraction that occasions 
the fall of bodies, surely the more a body is attracted, 
the more rapidly it will fall. Besides, experience, 
proves it to be so. Do we not every day see heavy 
bodies fall quickly, and light bodies slowly. 

Emily. It strikes me, as it does Caroline, that as 
attraction is proportioned to tiie quantity of matter, the 
earth must necessarily attract a body which contains a 
great quantity more strongly, and therefore bring it to 
the ground sooner than one consisting of a smaller 
quantity. 

Mrs. B. You must consider, that if hea^T" bodies 
5ire attracted more strongly than light ones, they require 
'note attraction to make them fall. . Remember that 
bodies have no natural tendency to fall, any more than 
^0 rise, or to move laterally, and that they will not fall 
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^wl£ES impelled by some force ; now this force must be 
H&nDrtioned to the quantity of matter it has to move t 
Btfl pdy consisting of 1000 particles of matter, for in- 
^^ptice, requires ten times as much attraction to bring it 
; to the ground in the same space of time as a body c 
sisting of onJy lOO particles. 

Caroliiu. I do not understand that ; for it seems to 
me, that the heavier a body is, the more easily and rea' 
dily it falls. 

£ltl^t I think I now comprehend it ; let me try if 
I can explain it to Caroline. Suppose that I draw to- 
wards me two weighty bodies, the tine of lOOlbs. the 
other of KKXAUs., must I not exert ten rimes as mucl)| 
etrei^th to dra^v the larger one to me, in the same spat 
oftime as is required for the smaller one ? And if the 
earth draws a body of lOOOibs. weight to it in the i 
space of time that it draws a body of lOOlbs.does, it 
not follow that it attracts the body of lOOOlbs. weightj 
with ten times the force that it docs that of lOOlbs. ? 

Caroline. I comprehend your reasoning perfectly ; 
but if it were so, the body of lOOOlbs. weiyht, and ihatj 
of lOOlbs. would fall witn the same rapidiu- ; and the 
consequence would be, that all bodies, wfaetfier light oi 
heavy, being at an equal distance from the groundj 
would fall to it in the same space of time : now it is ve- 
ry evident that this conclusion is absurd ; experience 
<ven.' instant contradicts it ; observe how much sooner 
this book reaches the floor than this sheet of paper, wh^ 
I let them drop together. 

Emily. That is an obiection I cEuinot answer. 
mustiTcfer it to you Mrs. B. 

J^s. B. I trust that we shall not find it insurRiotmt> 
able. It is true that, according to the laws of attracticHlf, 
all bodies at an equal distance from the earth, should 
iail to it in the same space of time ; and this would ac^ 
tually lake place if no obstacle intervened toRmpede 
their fall. But bodies fall through the air, and it is the 
resistance of the air which makes bodies of different den- 
sity fall with diifcrent degrees of velocity. They must 
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all force their way through the air, but dense htrivy 
bodies overcome this obstacle more easily than raier 
or lighter onc^fi. 

The resistance which the air opposes to the fall of 
bodies is proportioned to their surface, not to their 
weight ; the air being inert, cannot exert a greater force 
to support the weight of a cannon-ball, than it does to 
support the weight of a ball (of the same size) made of 
leather ; but the cannon-ball will overcome this resist- 
ance more easily, and fall to the ground, consequently, 
quicker than the leather ball. 

Carolint. This is verv clear, and solves the difficul- 
ty perfectly. The air offers the same resistance to a 
bit of lead and a bit of feather of the same size ; yet 
the one seems to meet with no obstruction in its iall, 
whilst th^ other is evidendy resisted and supported for 
some time by the air. 

Emily. The larger the surface of a body, then, the 
more air it covers, and the greater is the resistance it 
meets with from it. 

Mrs. B. Certainly: observe the manner in which 
this sheet of paper falls ; it floats awhile in the air, and 
then gently descends to the groimd. I will roll the same 
piece of paper up into a ball : it offers now but a small 
surface to the air, and encounters therefore but little re- 
sistance : see how much more rapidly it falls. 

The heaviest bodies may be made to float awhile in 
the sur, by making the extent of their surface counter- 
balance their weight. Here is some gold, which is the 
most dense body we are acquainted with, but it has been 
beaten into a very thin leaf, and offers so great an ex- 
tent of surface in proportion to its weight, that its fall, 
you see, is still more retarded by the resistance of the 
air than that of the sheet of paper. 

Caroline* That is very curious : and it is, I suppose, 
upon the same principle that iron boats may be made 
to float on water t \ 

But, Mrs. B., if the air is a iHsal body, is it not als^ 
^ttojected to the laws of gravity ? 



^ 
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Mrs. B. Undoubtedly. 

Caroline. Then why does it not, like all other 
dies, fall to the ground ? 

Mrs, B, On account of its sprinc; or elasticity. The 
air Is an da»ticfiid(i ; a species of todies, the peculiar 
property of which is toresume, after compression, dieir 
original dimensions ; and you must consider the air of 
which the atmosphere is composed as existing in a statt 
of compression, for its particles being drawn toward! 
the eawi by gnivity, are brought closei- together than 
they i|(6tild otherwise be, but the spring or elasticity D^ 
the air by which it endeavours to resist compressicn 
gives it a constant tendency to expand itself, so as to ic- 
Gume the dimensions it would naturally have, if not UJS* 
der the influence of gravit\'. The air may therefore be 
said constantly to struggle with the power of gravity 
without being able to overcome it. Gravity thus con* 
fines the air to the regions of our globe, whilst its elas^ 
ticity prevents it from falling like other bodies to tH* 
ground. 

Emitit. The air then is I suppose, thicker, or I shoulf 
rather say more dense, near the surface of the earth, than 
in the higher regions of the atmosphere ( for that paff 
of the air which is nearer the surface of the earth mt 
be most strongly attracted. 

Mrs. B. The diminutionof the force of gravity,at 
small a distance as that to which the atmosphere es 
(compared with the siee of the earth) is so inconsidt 
as to be scarcely sensilile ; but the pressure of the Upjii^j 
parts of the jitmosphere on those beneath, render»lf'^ 
air nean the surface of the earth much more dense Al 
the upper regions. The pressure of the atmosphtiv kd' 
been compared to that of a pile of fleeces of woo^'V 
which the lower fleeces are pressed together by fliP 
weight of those above ; these lie light and loose, in pf* 
portion as they approach the uppermost fleece, wti'^; 
receives no external pressure, and is confined mere' 
the force of its own gravity. •■ ) 

Caroline. It has just occurred to me that iSxtt ' 
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^ome bodies which do not gravitate towards the varth. 
Smoke and steam, for instance, rise instead of falling. 
JUrSm B. It is still gi-avit)- which produces their as- 
cent; at least, were that power destroyed, these bodies 
would not rise* 

Caroline. I shall be out of conceit with gravity, if 
it is so inconsistent in its operations. 

Mrs» B, There is no difficulty in reconciling this ap- 
parent inconsistency of effect. The air near the earth 
is heavier than smoke, steam or other vapours ; it con- 
sequently not only supports these light bodies, but for- 
ces them to rise, till they reach a part of the atmosphere, 
the weight of which is not greater than their own,, and 
then they remain stationary'. Look at this bason of wa- 
ter ; why does the piece of paper which I throw into it 
float on the surface ? 

Einily. Because, being lighter than the water, it is 
supported by it. 

Sirs. B. And now that I pour more water into th*. 
bason, why does the paper rise ? 

Emily. The water being heavier than the paper, gets 
beneath it, and obliges it to rise. 

J^frs. B. In a similar manner are smoke and vapour 
forced upwards by the air; but these bodies do not, 
like the paper ascend to the surface of the fluid, because, 
as we observed before, the air being thinner and light- 
er as it is more distant from the earth, vapours rise on- 
ly till they attain a region of air of their own density. 
Smoke, indeed, ascends but a very little way; it con- 
sists of minute particles of fuel carried up by a current 
of heated air from the fire below : heat you r** collect, 
expands all bodies ; it consequently rarefies air, and ren- 
ders it lighter than the colder air of the atmosphere ; 
ithe heated air from the fire carries up with it vapour 
[ap4 .small particles of the combustible materials v/hich 
>i\rning in the fire. When this current of hot air 
lis :d by mixing with that of the atmosphere, the mi- 

J Mtepiiiiicles of coal or other combustible fall ; itistKva 
I h produces the small black flakes which Yeivd^T ^^5^. 
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air and every thing in contact with it, in Londc 
dirty, 

Caroline. You must, however, allow me to mal 
more objection to the universal gravity of bodies ; - 
is the ascent of air balloons, the materials of whi< 
undoubtedly heavier than air : how, therefore, cai 
be supported by it ? 

•Vr^. .//. I admit that the materials of which ba 
ore made are heavier than the air ; but the air 
which they are filled is an elastic fluid, of a differe 
ture from the atmospheric air, and considerably lij 
so that on the whole, the balloon is lighter than t 
which it displaces, and consequently will rise, c 
same principle as smoke and vapour. Now Emi 
me hear if you can explain how the gravity of bo< 
modified by the effect of the air ? 

Emily* The air forces bodies which arc lightc 
itself to ascend ; those that are of an equal weigK 
remain stationary in it ; and those that are hea\'ic 
descend through it : but the air will have some 
on these last ; for if they are not much hca\'icr. 
will with difficulty overcome the resistance they 
w^ith in passing through it, they will be borne up 
and their fall will be more or less retarded. 

J/r5. B. Very well. Observe how slowly thi; 
feather falls to the ground, while a heavier bod\ 
this marble, overcomes the resistance which tl 
makes to its descent much more easily, and its 
proportionally more rapid. I now throw a pebbl 
this tub of water ; it does not reach the bottom n 
9<k)n as if there were no water in the tub, bcca 
meets with resistance from the water. Suppos 
we could empty the tub, not only of water, but 
. also, the pebble would then fall quicker still, as it 
in that case meet with yiq resistance at all to coun 
its gravity. 

Thus you see that it is not the different degr< 
gravit}', but the resistance of the air, which pn 
bodies of different weight from falling with equal 
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cities ; if the air did not bear up the feather, it would 
reach the ground as soon as the marble. 

Caroline. I make no doubt that it is so ; and yet I 
do not feel quite satisRed, I wish there was any place 
void of air, m which the experiment could be made. 

Mr 8m Bm If that proof will satisfy your doubts, I can 
give it you. Here is a machine called an airpumj)^ ^fig. 
2. pi. I.) by means of which the air may be expelled 
from any close vessel which is placed over this opening, 
through which the air is pumped out. Glasses of van- 
' ous shapes, usually called receivers, are employed for 
this purpose. We shall now exhaust the air from this 
tall receiver which is placed over the opening, and wc 
shall find that bodies of whatever weight or size within 
it, will fall from the top to the bottom in the same space 
of time. 

Caroline. Oh, I shall be delighted with this experi- 
ment ; what a curious machine ! how can you put the 
two bodies of different weight within the glass, without 
admitting the air. 

MrSm B. A guinea and a feather are already placed 
there for the purpose of the experiment : here is, you 
see, a contrivance to fasten them in the upper part of the 
glass ; as soon as the air is pumped out, I shall turn this 
little screw, by which means the brass plates which sup- 
port them will be inclined, and the two bodies will falL 
—Now I believe I have pretty well exhausted the air. 

Caroline. Pray let me turn the screw. — I declare, 
they both reached the bottom at the same instant ! Did 
you see, Emily, the feather appeared as heavy as the 
guinea ? 

Emily. Exactly ; and fell just as quickly. How 
wonderful this is ! what a number of entertaining ex- 
periments might be made with this machine ! 

Mrs. B. No doubt there are a great variet)' ; but we 
shall reser\'e them to elucidate the subjects to which 
they relate : if I had not explained to ^''ou why the gui- 
nea and the feather fell with equal velocity, you would 
not have been sq well pleased with the experiment.. 
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Emily. I should have been as much surprised, but 
not so much interested ; besides, experiments help to 
imprint on the memory the facts they are intended to 
illustrate ; it will be better therefore for us to restrain 
our curiosity, and wait for other experiments in their 
proper places. 

Caroline. Pray by what means is the air exhausted 
in this receiver ? 

Mrs. B. You must learn something of mechanics in 
order to understand the construction of a pump. At our 
next meeting, therefore, I shall endeavour to make you 
acquainted with the laws of motion, as an introductics^ 
to that subject* 
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MRS* B* 

The science of mechanics is founded on the laws of 
motion ; it will therefore be necessary to make you ac- 
quainted with these laws before we examine the mecha- 
nical powers. Tell me, Caroline, what do you under- 
stand by the word motion ? 

Caroline. I think I understand it perfectly, though 
I am at a loss to describe it. -Motion is the act of mov- 
ing about, goine from one place to another, it is the con- 
trary of remaining at rest. 

Mrs* B. Very well. Motion then consists in a 
change of place ; a body is in motion whenever it is 
|i changing its situation with regard to a fixed point. 

Now since we have observed that one of the general 
fToperties of bodies is Inertia, that is, an entire pas- 
siveness either with regard to motion or rest, it follows 
ihat a body cannot move without being put into motion ; 
the power which puts a body into motion is called Jbrce; 
&US the stroke of the hammer is the force which dm^ 

J>2 



4St OS THE LAW9 of UOTiOIf. 

the nail ; the puUing of tlie horse that which draws the 
carriage, &c. Force then is the cause which producer 
motion. 

Emily. And may we not say that gravity ia die force 
ivhich occasions the fall of bodies i 

Mrs. B. Undoubtedly. I had given you the most 
Kimiliar illustrations in order to render the explanation 
clear ; but since you seek for more scientific examples, 
you may say that cohesion is the force which binds the 
particles of bodies together, and heat that which drive* 
them asunder. 

The motion of a body acted upon by a single force-ift 
always in a straight line, in the direction in which itie- 
«eived the impulse. 

Caroline. That is very natural ; for as the body is 
inert, and can move only because it ia impelled, it will 
move only in the direction in which it ts impelled. The 
degree of quickness with which it moves, must I suit- 
pose, also depend upon the degree of force with which 
it is impelled. 

•Mrs, B. Yes ; the rate at which a body moves, or 
the shortness of the time which it takes to move from 
one place to another, is called its velocity j and it is 
one of the laws of motion that the velocity of the mov- 
ing body is proportional to the force by which it ia pot 
in motion. We must distinguish between absolute and 
relative velocity. 

The velocity of a body is called absobtte, if we con- 
sider the motion of the body in space, without any re- 
ference to that of other bodies. When for instance > 
horse goes fifty miles in ten hours, his velocity is fiw 
miles an hour. 

The velocity of a body is termed relative, when cool- 
pared with that of another body which is itself in iao» 
lion. For instance, if one man walks at the rate of 8 
mile an hour, and another at the rate of two miles B* 
hour, the relative velocity of the latter is double thatrf 
the former ; but the absolute velocity of the one is 080 
niila, and that of the other two miles m how 
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•t^. Let me §ee if I understand it — The relative 
velocity of a body is the degree of rapidity of its mo- 
tion compared with that of another body ; thug if one 
^abip sail three times as far as another ship in the same 
Space of time, the velocity of the former is equal to 
three times that of the latter. 

Mrs. B. The general rule may be expressed thus : 
Ae velocity of a body is measured by the space over 
which it moves, divided by the time which it employs 
ijn that motion : thus if you travel one hundred miles 
twenty hours, what is your velocity in each hour? 
Emitu, I must divide the space, which is one hun- 
.dred Ktiles, by the time, which is twenty hours, and the 
.answer will be live miles an hour. Then, Mrs. B., may 
lire not reverse this rule and say, that the time is equal 
to the space divided by the velocity ; since the space 
me hundred miles, divided by the velocity five miles, 
gives twenty hours for the time ? 

Mrs. B. Certainly ; and we may say also that space 
ia equal to the velocity multiplied by the time. Can 
you tell me, Caroline, how many miles you will have 
bavelled, if your velocity is three miles an hour and 
■you travel six hours i 

' Caroline. Eighteen miles j for the product of 3 mul- 
tiplied by 6, is 18. 

■Mrs. B. 1 suppose that you understand what is 
tneant by the terms uniform, accelerated, and retarded 
notion. 

Emily, t conceive uniform motion to be that of a 
body whose motion is regular, and at an equal rate 
throughout ; for mstance, a horse that goes an equal 
Dumber of miles every hour. But the hand of a watch 
w a much better example, as its motion is so regular as 
to indicate the time. 

•Wrs. B, You have a right idea of uniform motion ; 
l»rt it would be more correctly expressed by saying, that 
the motion of a body is uniform when it passes over 
tjual spaces in equal times. Uniform motion is pro- 
duced by a force having acted oij a bqdy once ,WQ.4 Wj- 
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) for instance, the stroke of i 



itig ceased to act 
on a cricket ball. 

Caroline. But the motion of a cricket ball is not uni- 
form ; its velocity gradually diminishes till it falls to 
the ground. 

Mrs. B. Recollect that the cricket ball is inert, and 
has no more power to stop than to put itself in roouon; 
if it falls, therefore, it must be stopped by some force 
superior to that by which it was projected, and which 
destroys its motion. 

Caroline. And it is no doubt the force of gravity 
which counteracts and destroys that of projection ; but 
if there were no such power as gravity, would the 
cricket ball never stop i 

JUrs, B. If neither gravity nor any other force, 
such as the resistance of the air, opposed its motion, the 
crifket ball, or even a stone thrown by the hand, would 
proceed onwards in a right line, and with an uniform 
velocity for ever. 

Caroline. You astonish me I I thought that it was 
impossible to produce perpetual motion ? 

JItrs, B. Perpetual motion cannot be produced bjT 
art, because gravity ultimately destroys all motion that 
human powers can produce. 

Emily. But independently of the force of gravity, 
I cannot conceive that the little motion I am capable of 
giving to a stone would put it in motion for ever. 

.Mrs. B. The quantity of motion you communicate 
to the stone would not influence its duration ; if yo\^ 
threw it with little force it would move slowly, for ita 
velocity, you must remember, will be proportional ta 
the force with which it is proji ■ ■ — < 
thing to obstruct its passage, i 
with the same velocity, and i 
when you first projected it. 

Caroline, This appears to 
ble i we do not meet with a 
turc, 

^rs. B. I beg yoar pardon. "When you coin£ fc. 



; but if there ia no* 
inue to move' 
in the same direction U 

me quile inconiprehensi*. 
ingle instance of it in ni- 
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Study the motion of the celestial bodies, you will fiiw 
that nature aboands with examples of perpetual motion i 
and that it conduces as murh to the harmony of the 
s^-stem of the universe, as the prevalence of it would 
to the destruction of all comfort on our globe. The 
wisdom of Providence has therefore ordained insur- 
mountable obstacles to perpetual motion here below, 
and though these obstacles often compel us to contend 
with great difficulties, yet there results from it that or- 
der, regularitj- and repose, so essential to the preserva- 
tion of all the various beings of which this world is 
ccmiposed. 

Now can you tell mc what is retarded tnotion? 

Carotine. Retarded motion is thai of a body which 
moves every moment slower and slower : thus wlien I 
am tired with wallcing fast, I slacken my pace ; or when 
A Stone is thrown upwards, its velocity is gradually di- 
Tniaished by the power of gravity. 

JUrs. B. Retarded motion iff produced by some 
force acting upon the body in a direction opposite to 
that which first put it in motion : you who are an ani- 
mated being, endowed with power and will, may slack- 
en your pace, or stop to rest when you are tired ; but 
inert matter is incapable of any feeling of fatigue, can 
never slaclccn its pace, and never stop, unless retarded 
or arrested in its course by some opposing force ; and 
u it is the laws of inert bodies which mechanics treats 
of, I prefer your illustration of the stone retarded in ita 
ascent. Now Emily, it is your turn ; what is accelera- 
ted motimi ? 

Endlu. Accelerated motion, I suppose, takes place 
when the velocity of a body is increased j if you had 
not objected to our giving such active bodies as our- 
selves as examples, I should say that my motion is ac- 
celerated if I change my pace from walking to running. 
I cannot think of any instance of accelerated motion 
in inanimate bodies ^ all motion of inert matter seems , 
ro be retarded by gravitv'. 

.Ifi-*. B. Not in all caseg ; for the power of gravity 
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tion sometimes produces accelerated motion ; for in- 
stance, a stone falling from a height moves with a regu- 
larly accelerated motion. 

Emily. True ; because the ndarer it approaches the 
earth, the more it is attracted by it. 

Mrs. B. You have mistaken the cause of its accele- 
ration of motion ; for though it is true that the force of 
gravity increases as a body approaches the earth, the 
diiFerence is so trifling at any small distance from its 
surface as not to be perceptible. 

Accelerated motion is produced when the force which 
put a body in motion continues to act upon it during its 
motion, so that its motion is continually increased. 
When a stone falls from a height, the impulse which it 
receives from gi*avity during the first instant of its fall, 
would be sufficient to bring it to the ground with a uni- 
form velocity : for, as we have observed, a body having 
been once acted upon by a force, will continue to move 
with a uniform velocity j but the stone is not acted up- 
on by gravity merely, at the first instant of its fall, tlus 
power continues to impel it during the whole of its de- 
scent, and it is this continued impulse which accelerates 
its motion. 

Emily. I do not quite understand that. 

Mrs, B, Let us suppose that the instant after you 
have let fall a stone from a high tower, the force of gra* 
vity were annihilated, the body would nevertheless con- 
tinue to move downwards, for it would have received 
a first impulse from gravity, and a body once put in 
motion will not stop unless it meets with some obstacle 
to impede its course ; in this case its velocity would be 
uniform, for though there would be no obstacle to ob- 
struct its descent, there would be no force to accele- 
rate it. 

Emily. That is very clear. 

Mrs. B. Then you have only to add the power of 
gravity constantly acting on the stone during its de- 
'scent, and it will not be difficult to understand that its 
motion will become accelerated, since the gravity which 
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acts on the stone during the first instant of its descent, 
will continue in force every instant till it reaches the 
ground. Let us suppose that the impulse given by gra- 
vity to the stone during the first instant of its descent 
be equal to one, the next instant we shall find that an 
' additional impulse gives the stone an additional velocity 
equal to one, so that the accumulated velocity is now 
equal to two ; the following instant another impulse in- 
creases the velocity to three, and so on till the stone 
reaches the ground. 

Carolinem Now I understand it ; the effects of pre- 
ceding impulses must be added to the subsequent velo- 
cities. 

Mrs. B. Yes ; it has been ascertained, both by ex- 
periment and calculations, which it would be too diffi- 
cult for us to enter into, that heavy bodies descending 
from a height by the force of gravity, fall sixteen feet 
the first second of time, three times that distance in the 
next, five times in the third second, seven times in the 
fourth, ^d so on, regularly increasing their velocities 
according to the number of seconds during which the 
body has been falling. 

Emily. If you throw a stone perpendicularly up- 
wards, IS it not the same length of time ascending that 
it is descending f 

. Mrs. B. Exactly ; in ascending, the velocity is di- 
minished by the force of gravity ; in descending, it is 
accelerated by it. 

Caroline. I should then have imagined that it would 
have fallen quicker than it rose ? 

Mrs. B. You must recollect ■ that the force with 
which it is projected must be taken into the account ; 
and that this force is overcome and destroyed by gravi- 
ty before the body falls. 

Caroline. But the force of projection given to a stone 
in throwing it upwards, cannot always be equal to the 
force of gravity in bringing it down again, for the force 
of gravity is always the same, whilst the degree of im- 
pulse given to the stone is optional ; I may throw it up 
gently, or with violence. 
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Mrs. B. If you throw it gently, it will not rise high ; 
perhaps only sixteen feet, in which case it will fall in 
one second of time. Now it is proved by experiment, 
that an impulse requisite to project a body sixteen feet 
upwards, will make it ascend that height in one second ; 
here then the times of the ascent and descent are equal. 
But supposing it be required to throw a stone twice that 
height, the force must be proportionally greater. 

You see then, that the impulse of projection in throw- 
ing a body upwards, is always equal to the action of 
the force of gravity during its descent ; and that it is 
the greater or less distance to which the body rises, 
that makes these two forces balance each other. 

I must now explain to you what is meant by the mo- 
mentum of bodies. It is the force, or power, with which 
a body in motion, strikes against another body. The 
momentum of a body is composed of its quantity of maU 
ter^ multiplied by its quantity of motion ; in other words, 
its weight and its velocity* 

Caroline. The quicker a body moves, the greater, no 
doubt, must be the force with which it woud strike 
against another body. 

Emily. Therefore a small body may have a greater 
momentum than a large one, provided its velocity be 
sufficiently greater ; for instance, the momentum of an 
arrow shot from a bow, must be greater than a stone 
thrown by the hand. 

Caroline. We know also by experience, that the hea- 
vier a body is, the greater is its force ; it is not there- 
fore difficult to understand, that the whole power or mo- 
mentum of a body must be composed of these two pro- 
perties : but I do not understand why they should be 
midtiplied^ the one by the other ; I should have suppos- 
ed that the quantity of matter should have been added 
to the quantity of motion ? 

Mrs. B. It is found by experiment, that if the weight 
of a body is represented by the number 3, and its velo- 
city also by 3, its momentum will be represented by 9 ; 
not 6, as would be the case, were these figures added. 
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instead of being multiplied together. I recommend it 
to you to be careful to remember the definition of the 
momentum of bodies, as it is one of the most impor- 
tant points in mechanics ; you will find, that it is from 
opposing motion to matter, that machines derive their 
powers.* 

The re-adion of bodies, is the next law of ihotion 
which I must expldn to you« When a body in motion 
strikes against another body, it meets with resistance 
from it ; the resistance of the body at rest will be equal 
to the blow struck by the body in mbtion ; or to express 
.myself in philosophical language, action and re-action 
will be equal, and in opposite directions. 

Carolinem Do you mean to say, that the action of 
the body which strikes, is returned with equal force by ' 
the body which receives the blow ? 
Mrs. Bm Exactly. 

Caroline, But if a man strikes another on the face 
with his fist, he surely does not receive as much pain 
by the re-action, as he inflicts by the blow ? 

Mrs. B. No ; but this is simply owing to the knuc- 
' Ues having much less feeling than the face. 

Here are two ivor)'^ balls suspended by threads, (plate 
L fig. 3.) draw one of them, A, a little on one side, — 
now let it go ; — it strikes, you see, against the other ball 
B, and drives it off, to a distance equal to that through 
which tlie first ball fell ; but the motion of A is stopped, 
because when it struck B, it received in return a blow 
equal to that it gave, and its motion was consequently 
destroyed. 
EniUy. I should have supposed, that the motion of 



* In comparing together the momenta of different bodies, we must 
^ attentive to measure their weights and velocities, by the same de- 
nomination of weights and of spaces, otherwise the residts would not 
agree. Thus if we estimate tne weight of one body in ounces, we 
niust estimate the weight of the rest also in ounces, and not in pounds ; 
*nd in computing the velocities, in like manner we should adhere to 
the same standard of measure, both of space and of time ; as for in 
*Utice, the number of feet in one second, or of miles in one hour. 

E 
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the ball A was destroyed, because it had communicati' 
ed all its motion to B. 

Mrs. B. It is perfectly true, that when one body 
strikes against another, the quantity of motion commu- 
nicated to the second body, is lost by the first ; but this 
loss proceeds from the action of the body which is 
struck. 

Here are six ivory balls hanging in a row, (fig. 4.) 
draw the first out of the perpendicular, and let it fall 
against the second. None of the balls appear to move, 
you see, except the last, which flies off as far as the first 
ball fell ; can you explain this ? 

Caroline. I believe so. When the first ball struck 
the second, it received a blow in return, which destroy- 
ed its motion ; the second ball, though it did not appear 
to move, must have struck against the third ; the re- 
action of which set it at rest ; the action of the third ball 
must have been destroyed by the re-action of the fourth, 
and so on till motion was communicated to the last ball, 
which, not being re-acted upon, flics off. 

Mrs. B. Very well explained. Observe, that it is 
only when bodies are elastic, as these ivory balls are, 
that the stroke returned is equal to the stroke given. I 
will show you the diflference with these two balls of clay, 
rfig. 5.) which are not elastic ; when you raise one of 
these, D, out of the perpendicular, and let it fall against 
the other, Ei the re-action of the latter, on account of 
its not being clastic, is not sufficient to destroy the mo- 
tion of the former ; only part of the motion of D will be . 
communicated to E, and the two balls will move on to- 
gether to d and e, which is not so great a distance a& ■ 
that through which D fell. 

Observe how useful re-action is in nature. Birds in 
flying strike the air with their wings, and it is the re- 
action of the air which enables them to rise, or advance 
forwards ; re-action being always in a contrary direc- 
tion to action. 

Caroline. I thought that birds might be lighter than 
the air, when their wings were expanded, and by that 
nji&ans enabled tb fly. 
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Mrs. Bm When their wings are spread, they are bet- 
ter supported by the air, 'as they cover a greater extent 
of suxiace ; but they are still much too hea\y to remain 
in that situation, without continually flapping their 
wings, as you may have noticed* when birds hover over 
their nests : the force with which their wings strike 
against the air must equal the weight of their bodies, in 
order that the re-action of the air may be able 'to sup- 
port that weight ; the bird will then remain stationary. 
If the stroke of die wings is greater than is required 
merely support the bird, the re-action of the air will 
make it rise ; if it be less, it will gently descend ; and 
you may have observed the lark, sometimes remaining 
with its wings extended, but motionless : in this state 
it drops rapidly into its nest. 

. Caroline. What a beautiful effect this is of the law of 
re-action ! But if flying is merely a mechanical opera- 
tion, Mrs. B., why should we not construct wings, 
adapted to the size of our bodies, fasten them to our 
shoulders, move them with our arms, and soar into the 
air? 

Mrs. B* Such an experiment has been repeatedly at- 
tempted, but never with success ; and it is now consi- 
dered as totally impracticable. The muscular power 
of birds is greater in proportion to their weight than 
diat of man ; were we therefore furnished with wings 
sufficiently large to enable us to fly, we should not have 
strength to put them in motion. 

In swimming, a similar action is produced on the wa- 
ter, as that on the air in flying ; and also in rowing ; 
you strike the water with the oars, in a direction oppo- 
site to that in which the boat is required to move, and 
it is the re-action of the water on the oars which drives 
the boat along. 

Emily. You said, that it was in elastic bodies only, 
that re-action was equal to action ; pray what bodies 
are elastic besides the air ? 

Mrs. B. In speaking of the air, I think we defined 
elasticity to be a property, by means of which bodies 
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that are compressed returned to their former state. II 
I bend this cane, as soon as I leave it at liberty it re- 
covers its former position ; if I press my finger upon 
your arm, as soon as I remove it, the flesh, by virtue of 
its elasticity, rises and destroys the impression I made. 
Of all bodies, the air is the most eminent for this pro- 
perly, and it has thence obtained the name of elastic 
fluid. Hard bodies are ia the next degree elastic; \i 
two ivory, or metallic balls are struck together, the parts 
at which they touch will be flattened ; but their elasti- 
city will make them instantaneously resume their for- 

Carohne. But when two ivory balls strike against 
each other, as they constantly do on a billiard table, no 
mark or impression is made by the stroke. 

JUri. B. I beg your pardon j but you canuot per- 
ceive any mark, because their elasticity instantly de- 
stroys all trace of it. 

Soft bodies, which easily retain impressions, such is 
clay, wax, tallow, butter, &c, have very little elasticityj 
but of all descriptions of bodies liquids are the least 
elastic. 

Emily. If sealing-wax were elastic, instead of re- 
taining the impression of a seal, it would resume a 
smooth surface as soon as the weight of the seal was re-. 
moved. But pray what is it that produces the elaeti-" 
city of bodies i 

Mrs. B. There is great diversity of opinion i^Knk 
that point, and I cannot pretend to decide which ap- 
j»<PBches nearest to the truth. Elasticity implies SU9- 
tegtibility of compression, and the susceptibility of 
'CHn^ession depends upon the porosity of bodies, for 
were there no pores or spaces between the particles ofy 
matter of which a body is composed, it could not be 
compressed. 

Caroline. That is to say, that if the particles o{ bo* 
dies were as close together as possible, they could not 
be squeezed closer. 

J&tnil^. Bodies then, whose particles are most dis- 
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tant from each other, must be mpst susceptible of com- 
pression, and consequently most elastic ; and this you 
say is the case with air, which is perhaps the least dense 
of all bodies ? 

Mrs. Bm You will not in general find this rule hold 
good, for liquids have scarcely any dasticity, whilst 
hard bodies are eminent for this property, though the 
latter are certainly of much greater density than the 
former ; elasticity implies, therefore, not only a suscep- 
tibility of compression, but depends upon the power of 
resuming its former state after compression. 

Caroline. But surely there can be no pores in ivory 
and metals, Mrs. B. ; how then can they be susceptible 
of compression ? 

Mrs. h. The pores of such bodies are invisible to 
the naked eye, but you must not thence conclude that 
they have none ; it is, on the contrary, well ascertained 
that gold, one of the most dense of all bodies, is ex- 
tremely porous, and that these pores, are sufficiently 
large to admit water when strongly compressed to pass 
through them. This was shown by a celebrated expe- 
riment made many years ago at Florence. 

Emily. If water can pass through gold, there must 
certainly be pores or interstices which afford it a pas- 
sage ; and if gold is so porous, what must other bodies 
be which are so much less dense than gold ! 

MrsJB. The chief difference in this respect is, I 
believe, that the pores in some bodies are larger than in 
others ; in cork, sponge, and bread, they form consider- 
able cavities ; in wood and stone, when not polished, 
they are generally perceptible to the naked eye ; whilst 
in ivory, metals, and all vamisKed and polished bodies, 
they cannot be discerned. To give you an idea of the 
extreme porosity of bodies, sir Isaac Newton conjectur- 
ed that if the earth were so compressed as to be abso- 
lutely without pores, its dimensions might possibly not 
be more than a cubic inch. 

Caroline. What an idea ! Were we not indebted to 
sir Isaac Newton for the theory of attraction^ I itvoxjiA 

E 2 
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be tempted to laugh at him for such a supposition. 
What insigixificant httle creatures we should be ! 

Mrs* /i. If our consequence arose from the size of 
our bodies we should indetd be but pigmies, but remem- 
ber that the mind of Newton was not circumscribed by 
the dimensions' of its envelope. 

Emily. It is, however, fortunate that heat keeps the 
pores ofmatter open and distended, smd prevents the 
attraction of cohesion from squeezing us into a nut- 
shell. 

•Mrs* B. Let us now return to the subject of re-ac- 
tion, on which we have some further observations to 
make. It is re-action, being contrary to action, which 
produces reflected motiotim If you throw a ball against 
the wall, it rebounds ; this return of the ball is owing 
to the re-action of the wall against which it struck, and 
is called reflected motion. 

Emily. And I now understand why balls filled with 
air rebound better than those stuffed with bran or wool, 
air being most susceptible of compression and most elas- 
tic, the re-action is more complete. 

Caroline. I have observed that when I throw a ball 
straight against the wall, it returns straight to my hand ; 
but if I throw it obliquely upwards, it rebounds still 
higher, and I catch it when it falls. 

Mrs. B. You should not say straight, but perpendi- 
cularly against the wall ; for stnught is a general term 
for lines in all directions which are neither curved nor 
bent, and is therefore equally applicable to oblique or 
perpendicxilar lines. 

Caroline. I thought that perpendicularly meant ei- 
ther directly upwards or downwards ? 

Mrs. B. In those directions lines are perpendicular 
to the earth. A perpendicular line has alwiys a refe- 
rence to something towards which it is perpendicular ; 
that is to say, that it inclines neither to the one side or 
the other, but makes an equal angle on every side. Do 
you understand what an angle is ? 

Caroline. Yes, I believe so : it is two lines meeting 
Vd a pdinu 
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Mrs. B. WtfU then, let the line A^ B ^plate II. fig, 
1.) represent the floor of the room, and tne line C D 
thdt in which you throw a bsdl against it ; the line C P, 
you will observe, forms two angles with the line A B, 
and those two angles are equal. 

Emily. How can the angles be equal, while the 
lines which compose them are of unequal length ? 

Mrs. B. An angle is not measured by the length of 
the lines, but by their o{^ening. 

Emily. Yet the longer the lines are, the greater is 
the opening between them. 

Mrs. B. Take a pair of compasses and draw a cir- 
cle over these angles, making the angular point the 
centre. 

Emily. To what extent must I open the compas- 
ses? 

Mrs. B. You may draw the circle what size you 
please, provided that it cuts the lines of the angles we 
are to measure. All circles, of whatever dimensions, 
are supposed to be divided into 360 equal parts, called 
degrees ; the opening of an angle, being therefore a por- 
tion of a circle, must contain a certain number of de- 
grees : the larger the angle, the greater the number of 
degrees, and the two angles are said to be equal when 
.. they contain an equal number of degrees. 

Emily. Now I "understand it. As the dimensions 
of an angle depend upon the number of degrees con- 
tained between its lines, it is the opening, and not the 
kngth of its lines, which determines the size of the 
angle. 

Mrs. B. Very well ; now that you have a clear idea 
of the dimensions of angles, can you tell me how many 
degrees are contained in the two angles formed by one 
fine falling perpendicular on another, as in the figure I 
We just drawn ? 

Emily. You must allow me to put one foot of the 
compasses at the point of the angles, and draw a circle 
J^und them, and then I think I shall be able to answer 
your qi^estion : the two angles arc together just equal ^ 
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to half a circle, they comain therefore 90 Aiffras 
90 degrees being a quarttr of 360. 

^rs. B. An angle of 90 degrees is called a right an- 
gle, and when one Une is perpendicular to another, i? 
formsj you see, (fig. 1.) a right angle on either aide; 
Angles containing more than 90 degrees are called ob- 
tuse angles (fig. 2.) ; and those containing less than 90 
degrees are called acute angles, (fig. 3,) 

Caroline. The angles ofthis square tabic are right 
angles, but those of the octagon table are obtuse angles [ 
and the angles of sharp-pointed instruments are acute 
angles. 

Mrs. B. Very well. To return now to your obser- 
vation, that if aball is thrown obliquely against the wall 
it will not rebound in the same direction ; tell me, have 
you ever played at billiards ? 

Caroline. Yes, frequently ; and I have observed^! 
whe» I push the ball perpendicularly against the cushion, 
it returns in the same direction j but when I send itob* 
liquely to the cushion, it rebounds obliquely, but on tilt 
opposite side ; the ball in this latter case describes K 
angle, the point of which is at the cushion. I have td>> 
served too, that the more obliquely the ball is strucl 
against the cushion, the more obliquely it rebounds M 
the opposite side, so that a billiard player can calculatt 
with great accuracy in what direction it will ri-tui 

Mrs. B. Veiy well. This fig^ure (fig. 4. plat?II.) 
represents a billiard table ; now if you draw a line A 
B from the point where the ball A strikes perpendii 
lar to the cushion ; you will find that it will dividt 

angle which the ball describes into two parts, or 

angles ; the one will show the obliquity of the directiO^ 
of the ball in its passage towards the cushion, the othq 
its obliquity in its passage back from the cushion, Th^ 
first is called the angle of incideitce, the other the ta^ 
of reflection, and these angles are always equal. 

Caroline. This then is the reason why, when I thi 
A'ball obliquely against the wall, it rebounds in an op 

isite oblique direction, forming equal angles of """ 
and of reflection. 
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Mrs* Bm Certainly ; find you will find that the more 
obliquely you throw the ball, the more obliquely it will 
rebound* 

We must now conclude ; but I shall have some fur- 
ther observations to make upon the laws of motion, set 
iur next meeting. 



CONTEBSATION IV. 



ON COMPOUND MOTION. 

CPXVOUXB VOTIOH, TBI &MVLT OF TWO OPP08ITX fORCES.— OF CIl 
XOTIOF, THE 11E8UI.T 07 TWO FOBCK8, OMX Of WHICB COHFIKES TB 
TO A FIXED rOIXrr.— CENTRE OF KOTIOV, TBS POIITT AT BEST 

TBE OTBSR PARTS OF TBS BOOT MOVE BOUITD IT. CEVTBE OF 

TUDB, TBE XIBDLE OF A BOOT.— CENTRIPETAL FORGE, THAT WBK 

FIVES A BODY TO A FIXED CENTBAL POlNT. CENTBIFUGAL FORCJ 

WBICB IMPELS A BODY TO FLT FBOM THE CENTRE.^^ALL OF BOl 
▲ X4BABOLA.— CENTRE OF eRATITT, THE CEITTRB OF W£I6HT>t>I 
ABOUT WHICB TBS PARTS BALANCE EACB OTBSB. 



MRS. B. 

I MUST now explain to you the nature of eomp 
motion. Let us suppose a body to be struck b; 
equal forces in opposite directions, how will it mc 

EmUy. If the directions of the forces are in 
opposition to each other, I suppose the body woul 
move at all. 

Mrs, B, You are perfectly right ; but if the f 
instead of acting on the body in opposition, strike 
two directions inclined to each other, at an an^ 
ninety degrees, if the ball A (fig. 5, plate II.) be s 
by equal forces at X and at Y, will it not move ? 

BmUy, The force X would send it towards B 
the force Y towards C ; and since these force 
equal, I do not know how the body can obey on< 
pulse rather than the other, and yet I think th 
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move, because as the two forces do not act in 
)pposition, they cannot entirely destroy the ef- 
each other* 

B. Very true ; the ball will therefore follow 
action of neither of the forces, but will move in 
between them, and will reach D in the same 
f time, that the force X would have sent it to B, 
: force Y would have sent it to C. Now if you 
vo lines from D, to join B and C, you will form 
e, and the oblique line which the body describes 
i the diagonal of the square. 
line. That is very clear, but supposing the two 
to be unequal, that the force X, for instance, be 
s great as the force Y ? 

B. Then the force X would drive the ball 
as far as the force Y, consequently you must 
le line A B (fig. 6.), twice as long as tlie line A 
body will in this case move to D ; and if you 
aes from that point to B and C, you will find that 
L has moved in the diagonal of a rectangle. 
ly. Allow me to put another case f Suppose the 
'ces are unequal, but do not act on the ball in the 
3n of a right angle, but in that of an acute angle, 
'ill result? 

J?. Prolong the lines in the directions of.the 
-ces, and you will soon discover which way the 
11 be impelled ; it will move from A to X), m the 
al of a parallelogram, (fig. 7.) Forces acting in the 
on of lines forming an obtuse angle, will also 
:e motion in the diagonal of a parallelogram. For 
:e, if the body set out from B, instead of A, and 
ipelled by the forces X and Y, it would move in 
tted diagonal B C. 

may now proceed to circular motion : this is the 
of two forces on a body, by one of which it is 
ted forward in a right line, whilst by the other 
)nfined to a fixed point. For instance, when I 
this ball, which is fastened to my hand with a 
, the ball moves in a circular direction ; because it 
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is acted on by two forces, that which I give it which 
represents the force of projection, and that of the strinr 
which confines it to my hand. If during its motion you 
were suddenly to cut the string, the ball would fly off 
in a straight line ; being released from confinement to 
the fixed point, it would be acted on but by one force, 
and motion produced by one force, you know, is always 
in a right line. 

Caroline. This is a little more difficult to compre- 
hend than compound motion in straight lines. 

Mrs. B. You have seen a mop trundled, and have 
observed, that the threads which compose the head of 
the mop fly from the centre ; but being confined to it 
at one end, they cannot part from it ; whilst the water 
they contain, being unconfined, is thrown ofi" in straight 
lines. 

Emily. In the same way, the flyers of a windmill, 
when put in motion by the wind, would be driven 
straight forwards in a right line, were they not con- 
fined to a fixed point, round which they are compelled 
to move. 

•Vrs. B. Very well. And observe, that the point to 
which the motion of a small body, such as the ball with 
the string, which may be considered as revolving in 
one plane, is confined, becomes the centre of its motion. 
But when the bodies are not of a size or shape to al- 
low of our considering every part of them as moving 
in the same plane, they in reality revolve round a line, 
which line is called the axis of viotion. In a top, for 
instance, when spinning on its point, the axis is the line 
which passes through the middle of it, perpendicularly 
to the floor. 

Caroline. The axle of the flyers of the windmill, is 
then the axis of its motion ; but is the centre of motion 
always in the middle of a body ? 

J\lrs. B. No, not always. The middle point of a 
body, is called its centre of magnitude, or position, that 
is, the Centre of its mass or bulk. Bodies have also 
another centre, called the centre of gravity, which I 
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shall explain to you ; but at present we must coniine 
ourselves to the axis of motion. This line you must 
observe remains at rest, whilst all the other parts of the 
body move around it ; when you spin a top the axis is 
stationary whilst every other part is in motion round it. 

Caroline. But a top generally has a motion forwards, 
besides its spinning motion ; and then no point within 
it can be at rest ? 

Mrs. B. What I say of the axis of motion, relates 
only to circular motion ; that is to say, to modon round 
a line, and not to that which a body may have at the 
same time in any other direction. There is one cir- 
cumstance in circular motion, which you must careful- 
ly attend to ; which is, that the further any part of a 
body is from the axis of motion, the greater is its velo- 
city ; as you approach that line, the velocity of the parts 
gradually diminish till you reach the axis of motion^ 
which is perfectly at rest. 

Caroline. But, if every part of the same body did 
not move with the same velocity, that part which moved 
quickest, must be separated from the rest of the body, 
and leave it behind ? 

' Mrs. B. You perplex yourself by confounding the 
idea of circular motion, with that of motion in a right 
line ; you must think only of the motion of a body 
round a fixed line, and you will find, that if the parts 
farthest from the centre had not the greatest velocity, 
those parts would not be able to keep up with the rest 
of the body, and would be left behind. Do not the ex- 
tremities of the vanes of a windmill move over a much 
greater space, than the parts nearest the axis of mo- 
tion? (plate III. fig. 1.) The three dotted circles describe 
the paths in which three different parts of ^he vanes 
move, and though the circles are of different dimensions 
the vanes describe each of them in the same space of 
time. 

Caroline. Certainly they do ; and I now only won- 
der, that we neither of us ever made the observation 
before : and the same effect must take place iu a, ^o\\A 
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body, like the top in spinning ; the most bulging part o 
the surface nrnst move with the greatest rapidity, 

Mrs, B. The force which confines a body to a cen 
tre, round which it moves is called thc^enlripetal force 
and that force, which impels a body to fly from the cen 
tre, is called the jcentri/it^al force; in circular motiot 
these two forces constantly balance each other ; other' 
wise the revolving body would either approach the cen' 
tre or recede from it, according as the one or the othei 
prevailed. 

Caroline. ^Vhen I see any body moving in a circle 
1 shall remember, that it is acted on by two forces. 

Mrs. B. Motion, either in a circle, an ellipsis, or anj 
Other curve-line, must be the result of the action of twi 
forces ; for you know, that the impulse of one sin^ 
force, always produces motion in a right line. 

Emily. And if any cause should destroy the centri 
petal force, the centrifugal force would alone impel ihs 
body, and it would I suppose fly off in a straight lira 
from the centre to which it had been confined. 

Mrs. B. It would not fly off in a right line from thi 
centre ; but in a right line in the direction in which i 
was moving, at the instant of its release ; if a stone 
whirled round in a sling, gets loose at the point A, (plat 
III. fig. 2.) it flies off in the direction A B ; this Une 1 
called a tangent^ it touches the circumference of the dl 
cle, and forms a right angle with a line drawn from tha 
point of the circumference to the centre of the circle^ C 

£mily. You say, that motion in a curve-line, is owin 
to two forces acting upon a body ; but when I thra\ 
this ball in a horiaontal direction it describes a cum 
line in falling ; and yet it is only acted upon by the fore 
of projection ; there is no centripetal force to confine i 
or produce compound motion. 

Mrs, B. A ball thus thrown, is acted upon by n 
less than three forces ; the force of projection, whic 
you communicate to it ; the resistance of the air throug 
which it passes, which diminishes its velocity, withpv 
changing its direction ; and the force of gravity, wUcj 
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finally brings it to the ground. The power of gravity^ 
and me resistance of the air, being always greater than 
any force of projection we can give a body, the latter is 
gradually overcome, and the body brought to the 
ground ; but the stronger the projectile force, the long* 
er will these powers be in subduing it, and the furtlicr 
the body will go before it falls. 

Caroline. A shot fired from a cannon, for instance, 
will go much further, than a stone projected by the hand. 

J/r«. B. Bodies thus projected, you observe, des- 
tf cribe a cur\'e-line in their descent; can you account 
for that ? 

Caroline. No ; I do not understand, why it should 
not fall in the diagonal of a square. 

M's. B. You must consider that the force of projec- 
tion is strongest when the ball is first thrown; this 
force, as it proceeds, being weakened by the continued 
resistance of the air, the stone, therefore, begins by 
moving in an horizontal direction ; but as the stronger 
powers prevail, the direction of the ball will gradually 
I change from an horizontal, to a perpendicular line. 
i Projection alone, would drive the ball A, to B, (fig. 3.) 
t jjravity would bring it to C ; therefore, when acted on 
m different directions, by these two forces, it moves be- 
tween, gradually inclining more and more to the force 
of gravity, in proportion as this accumulates ; instead 
therefore of reaching the ground at D, as you suppose 
it would, it falls somewhere about E. 

Caroline. It is precisely so ; look, Emily, as I throw 
this ball direcdy upwards, how the resistance of the air 
and gravity conquers projection* Now I will throw it 
upwards obliquely: see, uie force of projection enables 
it, for an instant, to act in opposition to that of gravity } 
but it is soon brought down again. 

Mr9m B. The curve-line which the ball has describ- 
ed, 18 called in geometry a parabola; but when the ball 
is thrown perpendicularly upwards, it will descend per- 
pendicularly ; because the force of projection, and that 
of gravity, are in the same line of direction. 

■i ■•■') 
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We have noticed the centres of magnitude, and of 
motion ; but I have not yet explained to you, whai is 
meant by the centre of gravity ; it is that point iu a bo- 1 
dy, about which all the parts exactly balance each other; ' 
iltiierefore that point is supported, the body will not 
fall. Do you understand this ? 

Emily, I think so; if the parts round about this 
point have an equal tendency to fall, they will be in 
equilibrium, and as long as this point is supported, th« 
body cannot fall. 

Mrs, B. Caroline, what would be the eiVect, were 
any other point of the body alone supported ? 

Caroline. The surrounding parts no longer balanc- 
ing each other, the body, I suppose, would fall on the 
side at which the parts are heaviest. 

Mrs. B. Infallibly j whenever the centre of gravity 
is unsupported, the body nsust fall. This sometimes 
happens with an o\'erloaded waggon winding up a steep 
hill, one iide of the road being more elevated than the 
other ; kt us suppose it to slope as is described in this , 
figure, (plate III, fig. 4.) we will say, that the centre of 
gravity of this loaded waggon ia at the point A. Now 
jour eye will tell you, that a waggon thus situated, will, 
overset ; and the reason is, that the centre of gravity 
A, is not supported ; for if you draw a peqiendicular 
line from it to the ground at C, it does not fall under 
the waggon within the wheels, and is therefore not au^i- 
ported by them. 

Caroline. I understand that perfectly ; but what is 
the meaning of the other point B ? 

Jfrs. B. Let us, in imagination take off the upper 
part of the load; the centre of gravity will then change 
its situation, and descend to B, as that will now be the 
point about which the parts of the less heavily laden 
waggon will balance each other. Will the waggon now 
be upset? 

Caroline. No, because a perpendicular line from 
that point falls within the wheels at D, and is support* 
«d by them i and when the centre of gravity is support- 
e4 the body will not fall. ~ "^ 
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Emily. Yet I should not much like to pass a wa^ 

fOD, jn that situation ; for, as you see, the point D is 
ut just within the left wheel j if the right wheel was 
merely raised, by passing over a stone, the point D 
would be thrown on the outside of the left wheel, and 
the waggon would upset. 

Caroline. A waggon, or any carriage whatever, will 
|dien be most firmly supported, when the centre of gra- 
vity falls exactly between the wheels ; and that ia the 
, case in a level road. 

Pray, whereabouts is the centre of gravity of the hu- 
man body ? 

Mrs. it. Between the hips ; and as long as we stand 
upright, this point is supported by the feet; if you lean 
en one side, you will find that you no longer stand firm. 
A rope-dancer performs all his feats of agility, by dex- 
terously supporting his centre of gravity ; whenever he 
finds that he is in danger of losing his balance, he shifts 
Hk heavy pole, which he holds in his hands, in order to 
Arow the weight towards the side that is delicient ; and 
thus by changing the situation of the centre of gravity, 
be restores his equilibrium. 

Cardine. When a stick is poised on the tip of the 
iSnger, is it not by supporting its centre of gravity! 

Mrs. B. Yes ; and it is because the centre of gra- 
vity is not supported, that spherical bodies roll down a 
slope. A sphere being perfectly round, can touch the 
slope but by a single point, and that point cannot be 
perpendicularly under the centre of gravity, and there- I 
fore cannot be supported, as you will perceive by exa- 1 
mining this figiire. (fig. 5. plate HI.) 

EniHij. So it appears -, yet I have seen a cylinder of 
trood roll up a slope ; how is that contrived ? 

Mrs. B. It is done by plugging one side of the cy- 
linder with lead, as at B, (fig. 5. plate III.) the body be- 
ing no longer of a uniform density, the centre of gravity 
is removed from the middle of the body to some point 
in the lead, as that substance is much heavier than 
wood j now you may observe that in order that the cv- 
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We may now proceed to examine the mechanical 
powers ; they are six in number, one or more of which 
enters into the composition of every machine. The 
lever, the pulley ^ the wheel and lude, the inclined pUa 
the wedge, and the screw. 

In order to understand the power of a machine, then 
are four things to be considered. 1st. The power that 
acts : this consists in the effort of men or horses, of 
weights, springs, steam, &c. 

2dly, The resistance which is to be overcome by the 
power ; this is generally a weight to be moved. The 
power must always be superior to the resistance, other* 
wise the machine could not be put in motion. 

Caroline. If for instance the resistance of a carriage 
was greater than the strength of the horses em^k>yed 
to draw it, they would not be able to make it m<M"e> 

Mrs. B, 3dly. We are to consider the ceSStt o\ 
motion, or as it is termed in mechanics, the falcmiiaj 
tflis you may recollect is the point about which all Ae 



. 9r 







|TK. Nf-v O^ff. 
\ \ ■. ■ . ' . ■ ■ ■ .J 




T»t.'» ■ 'i.-i...- ■ • .SJ> } 



h^TK nr. 




} 






Fia . -•'. 



>• 




Fk'w.S. 




JL-= 




./»// . fi . 




X 

F 



IIT 



''a 



r- 



• y* 



.»V; . a 



f-iO . f 




l\,h. fv .I.YMini.iJTi-y * I'hn.tJi 



ON THE MECHANICAL POWERS, 



69 



r 

I 



■ ;. ■ 

I yarts of the body move ; and lastly, the respective ve- 
U locities ctf ihe power, aiid of the resistance. 
I Emily. That must depend upou their respective 
E ^stances from the axis of motion ; as we observed in 
[ the motion of the vanes of the windmill. 
I Mrs. B. We shall now examine the power of the 
[ lever. The lever is an inflexible rod or beam of any 
p kind, that is to say, one which will not bend in any di- 
r rection. ' For instance, the stepl rod to which tfaMe 
[scales are suspended is a lever, and the point in wluch 
' it is supported the fulcrum, or centre of motion ; now, 
I can you tell me why the two scales are in equilibrium i 
[ Caroline. Being both empty, and of the saii)e weight, 
; Aey balance *each other. 

Emily. Or, more correctly speaking, because the 
I centre of gravity common to both is supported. 
I Mrs. B. Very well ; and which is the centre of g«i- 
l vity of this pair of scales ? (fig. 1. plate IV.) 
I Emily. You have told us that when two bodies of 
[. equal weight were fastened together, the centre of gra- 
[vity was in the middle of the line that connected them ; 
the centre of gravity of the scales must therefore be in 
the fulcrum F of the lever which unites the two scales ; 
and corresponds with the centre of motion. 

Caroline. But if the scales contain different weights, 
the centre of gravity would no longer be in the fulcrum 
A of the lever, but remove towards that scale which con- 
tained the heaviest weight ; and since that point would 
no longer be supported, the heavy scale would descend 
and out-weigh the other. 

Mrs. B, True ; but tell me, can you imagine any 
mode by which bodies of diflferent weights can be made 
to balance each other, either in a pair of scales, or sim- 
ply suspended to the extremities of the lever? for the 
scales are not an essential part of the machine, they 
have no mechanical power, and are used merely for the 
lonvenience of containing the substance to be weighed. 
Caroline. What ! make a light body balance a hea- 
vy one I I caxmot conceive that possible. 
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Mrs. B. The fulcrum of this pair of scales (fig, 2.) 
is moveable, you see ; I csin take it off the prop, and 
fasten it on again in another part j this part is now be- 
come the fulcrum, but it is no longer in the centre of 
Ae lever. 

Caroline. And the scales are no longer true j fiir 
that which hangs on the longest side of the lever w 
aceads. 

Mrs. B. The two parts of the lever divided by th& 
fulcrum are called its arms, you should therefore say 
thelongestarm, not the longest side of the lever. These 
arms are likewise frequently distinguished by the ap- 
pellations q{ the acting and the resisting part of the 
' lever. 

Your observation is true that the balance is now de- 
stroyed ; but it will answer the purpose of enabling you 
to comprehend the power of a lever when the fulcrum 
is not in the centre. 

Eviilil. This would be an excellent contrivance fia; 
those who cheat in the weight of their goods j by mak- 
ing the fulcrum a little on one side, and placing the 
gooda in tho scale which is suspended to the longest 
arm of the lever, they would appear to weigh more than 
they do in reality. 

JUrs. B, You do not consider how easily the fraud 
would be detected ; for on the scales being emptied 
they would not hang in equilibrium. 

Emily. True ; I did not think of that circumstance.' 
But I do not understand why the longest arn of the 
lever should not be in equilibrium with the other? 

Carolitie. It is because it is heavier than the sbolt- 
est arm ; the centre of gravity, therefore, is no longer 
supported. 

Mrs. B. You are right ; the fulcrum is no longer in 
the centre of gravity j bat if we can contrive to malce 
the fulcrum in its present situation become the centre 
of gravity, the scales will again balance each other j foir 
you recollect that the centre of gravity is that {xHBt 
about which every part of the body is in equilibrium. 
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Emily, It has just occurred to me how this may be 
accomplished ; put a great -weight into the scale sua- 
pendcd to the shortest arm of the lever, and a smaller 
I one into that suspended to the longest arm. Yes, I have 
I discovered it — look Mrs. B., the scale on the shortest 
■ arm will carrj- 2lbs., and that on the longest arm only 
I ^te, to restore the balance, (fig. 3.) 

I Mts. B, You see, therefore, that it is not so imprac- 

I ticable as you imagined, to make a heavy body balance 

l.a light one ; and this is in fact the means by which you 

fttiiought an imposition in the weight of goods might be 

Etifected, as a weight of ten or twelve ounces might thus 

■he made to balance a pound of goods. Let us now take 

Roff the scales that we may consider the lei-er simply; 

land in this state you see that the fulcrum is no longer 

Kthe centre of gravity ; but it is, and must ever be, Sic 

aitre of motion, as it is the only point which remiuns 

I rest, while the other parts move about it. 

Caroline. It now resembles the two opposite vanes 

)]f a windmill, and the fulcrum the point round which 

f move, 

In describing the motion of those vanes, 
(pay recollect our observing that the farther abody 
>m the axis of motion the greater is its velocity, 
P^ Caroline, That I remember and understood per- 
trcctly. 
I Mrs, B. You comprehend then, that the extremity 

■ of the longest arm of a lever must move with greater 

■ velocity than that of the shortest arm ? 

I Emily. No doubt, because it is farthest from the 
Iceatre of motion. And pray, Mrs. B., when my.bro- 
K play at see-saw, is not the plank on which they 
^a kind of lever i 

i,B. Certainly; the log of wood which supports 
B'the ground is the fulcrum, and those who ride 
pt the power and the resistance at each end of 
ET. And have you not observed thatwhen those 
e are of equal weight, the plank must be aup- 
nthe middle to make the two arms equal; whil«. 
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if the persons differ in weight, the plank must be drawn 
a little further over the prop, to make the arms UDC* 
qual, and the lightest person who represents the ro 
sistance, must be placed at the extremity of the longest 

Caroline. That is always the case when I ride 
a plank with my youngest brother ; I have obscrvetfi 
BO that the lightest person has the best ride, as he moi 
both further and quicker ; and I now understand tha 
it is because he is more distant from the centre of n 
tion. 

Mrs. B. The greater velocity with which your lit 
tie brother moves, renders his momentum equal t 
yours. 

Caroline. Yes ; I have the most gravity, he th 
greatest velocity ; so that upon the whole our momo; 
tums are equal. — But you said, Mrs. B., that the pcntff 
should be greater than the r. sistance to put themacU 
in motion ; how then can the plank move if the momi! 
tums of the persons who ride are equal ? 

Jilrs. B. Because each person at his descent toud 
the ground with his feet ; the re-action of which p\ 
him an impulse which increases his velocity j*^ 
spring is requisite to destroy the equilibrium of t 
power and the resistance, otherwise the plank woid 
not move. Did you ever observe that a lever deecribi 
the arc of a circle in its motion ? 

Emily. No ; it appears to me to rise and <3 
perpendicularly ; at least I always thought so. 

JIfrs. B. I Tjelieve I must make a sketch of you 
your brother riding on a plank, in order to convince _ 
ofyour error, (fig, 4. pi. IV.) You maynowobserre&i 
a lever can move only round the fulcrum, since that ' 
the centre of motion j it would be impossible for you 
rise perpendicularly to the point A, or for your brotht 
to descend in a straight line to the point B ; you mf 
in rising and he in descending describe arcs of yo\ir, 
spective circles. This drawing shows you also b 
Biuch superior his velocity must be to yours ; for if yc 
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ci9uld swing quite round, you would each complete your 
respective circles in the same time. 

Vafclim. My brother's circle being much the largest^ 
he must undoubtedly move the quickest. 

Mrs, B. Now tell me, do you think that your bro- 
ther could raise you as easily without the aid of a 

. lever? 

^ CkiroUne. Oh no, he could not lift me oflFthe ground. 

? . Mrs. B. Then I think you require no further proof 
of the power of a lever, since you see what it enables 
your brother to perform. 

Caroline* 1 now understand what you meant by say- 
ing, that in mechanics, motion is opposed' to matter, 
for it is my brother's velocity which overcomes my 
weight. 

Mrs, B. You may easily imagine, what enormous 
weights may be raised by levers of this description, for 
the longer the acting part of the lever in comparison to 
the resisting part,. the greater is the effect produced by 
St ; because the greater is the velocity of the power com- 
pared to that of the weight. 

There are three different kinds of levers ; in the first 
die fulcrum is between the power and the weight. 

^ . Caroline. This kind then comprehends the several 

k levers you have described. 

^ Mrs. B. Yes, when in levers of the first kind, the 

W fulcrum is equally between the power and the weight, 
as in the balance, the power must be greater than the 
weight, in order to move it ; for nothing can in this case 
be gained by velocity ; the two arms of the lever being 
equal,^e velocity of their extremities must be so like- 

^ wise. The balance is therefore of no assistance as a 

\ mechanical poweij, but it is extremely useful to estimate 

' the respective w»tights of bodies. 

But when (fig. 5.) the fulcrum F of a lever is not 
equally distant from the power and the weight, and that 
the power P acts at the extremity of the longest arm, 
\t may be kss than the weight W, its deficiency being 
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^mpensated by its superior velocity ; eis we observed 
in the see-saiv. 

Emiiy. Then when we want to lift a great weight,, 
we must fasten it to the shortest arm of a levertandu*- 
ply otir strength to the longest arm J 

Mrs, B. If the case will admit of your putting ihe 
end of the lever under the weight, no fastening will be 
required ; as you will perceive by stirring the fire. 

Emily. Oh yes ! the poker is a lever of the fiwt 
kind, the point where it rests against the bars of the 
grate whilst I am stirring the fire, is the fulcrum j the 
short arm or resisting part of the lever, is employed 4it 
lifting the weight, which ia the coala, and my hand is 
the power applied to the longest arm, or acting part of 
the lever, 

Mrs. B. Let me hear, Caroline, whether you 
equally well explain this instrument, which is composed 
©f two levera united in one common fulcrum. 

Carnline. A pair of scissars ! 

Mrs. B. You are surprised, but if you examine (heit 
construction, you will discover that it is the power ol 
die lever that assists us in cutting with scissars, 

Caroline. Ves; I now perceive that the point at 
which the two levers are screwed together, is the ful- 
crum ; the handles, to which the power of the fingers ia 
applied, are the extremities of the acting part of 3ie le- 
vers, and the cutting part of the scissars, are the resist- 
ing parts of the levers : therefore, the longer the han- 
dles and the shorter the points of the scissars, the more 
easily you cut with them. 

Emuy. That I have often observed, for whet^I cut 
pasteboard or any hard substance, I always make use of 
that part of the scissars nearest the screw or rivet, and 
I now understand whyit increases the power of culdiigj 
but I confess that I never should have discovered scis- 
sars to have been double levera ; and pray are not snuf- 
fers levers of a similar description ? 

Mrs. B. Yes, and most kinds of pincers ; the great 
power of which consists in the resisting part of the Itvet 
being very short in comparison with the acting pailfc'*j 
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Caroline. And of what nature are the two other kinds 
of levers ? 

Mrs. B. In levers of the second kind, the weight, 
iastefld of being at one end, is situated between the pow« 
cr and the fulcrum, (fig. 6.) 

Caroline, The weight and the fulcrum have here - 
changed places ; and what advantage is gaine4 by this 
kind of lever ? 

Mrs. B, In moving it, the velocity of the power must 
necessarily be greater than that of the weight, as it is 
more distant from the centre of the motion. Have you ^ 
ever seen your brother move a snow-ball by means of a* 
strong stick, when it became too heavy for him to move 
without assistance ? 

Caroline. Oh yes ; and this was a lever of the second * 
^ order (fig. 7.) ; die end of the stick, which he thrusts 
under the ball, and which rests on the ground, becomes 
the fulcrum ; the ball is the weight to be moved, and the 
power his hands applied to the other end of the lever. 
In this instance there is an immense difference in the • 
_ length of the arms of the lever ; for the weight is almost 
' .close to the fulcrum. 

Mrs. B. And the advantage gained is proportional , 
to this difference. Fishermen's boats are by levers of 
this description raised from the ground to be launched * 
into the sea, by means of slippery pieces of board which 
are thrust under the keel. The most common example • 
that we have of levers of the second kind is in the doors 
of our apartments. 

Emily. The hinges represent the fulcrum, our hands * 
the power applied to the other end of the lever ; b'ut* 
where is the weight to be moved ? ' ^ 

M'Sp B. The door is the weight, and it consequendy 
occupies the whole of the space between the power and • 
the fulcrum. Nutcrackers are double levers of this 
kind : the hinge is the fulcrum, the nut the resistance, 
and the hands the power. 

In levers of the third kind (fig. 8.), the fulcrum is 
at one of the extremities^ the weight or resistancr 
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^; at the other, and itwnow the power iwUeh ^jjs applied 

r?^' between the fulcrum and the resistance. 
f,.'- ^ Emily* The fulcrum, the weight, and the power, 
^ dlien, each in their turn, occupy some part of the middle 
of the lever' between its extremities. But in this third 
% kind of lever, the weight being farther from the centre 
\ of motion than the power, the difficulty of raising it 
^ seems increased rathier than diminished. ] 

Mrs* Bf That is very true ; a leva- of this l^d is 
therefore never used, unlest fibsolutelv neceBsarjry as is - 
the case in lifting up a ladder perpenfficid^y in order 
to place it against a wall ; the man who r^isqi it can- 
not place his ha^jids on the upper part of thci ladder, 
the power, therefore, is necessarily placed much nearer ; 
the fulcrum than the weight. 3 

CaroUiU; Yesy the h^ds are the power, t^e gromid \ 
J^the fulcruihyjand. the upper part of the ladder the 
^weight. ^ 

VsA ^"fs. B. Nature emplojrs this kind of lever in the < 
^>* structure of the hmnan frame. In lifting a weight with 
[. « the handj.the lower part of the arm becomes a lever of 
jj ^ the third kind ; the elbow is the fulcrum, the 'muscles % 
■ • of the fleshy part of the arm the power ; and as jtfiese 
*v are nearer to the elbow than the hand, it is necessary 
*• that their power should exceed the weight to be raised. 
Emily. Is it not surprising that nature should have j 
ished ua with such disadvantageous levers ? - 
|. -v,^V^^^* ^* '^^^ disadvantage, in respect to power, is 
¥ iP^^^ i\ii^ counterbalanced by the convenience resulting , 
f^: jwKom this structure of the arm 5 and it is no doubt that ' 
V Jwhich i^ best adapted to enable it to perform its various 
I'. ^ functions. * i 

ft^vV^ We have dwelt so long on the lever, that we ni^ust re- 
r > serve the examination of the other mechanical powers 
1^ (^ to our next interview. 
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The pulley is the second mechamcal power we are 
to examine. You both, I suppose, havj^seen a pullev? 

Ca/hiBme. Yes frequently : it is a circular and flat 
piece of wood or metal, with a string which runs in a 
groove round it ; by means of which, a wei^t may be 
pulled up ; thus pulleys are used for drawmg up ctir* 
tains. 

JKrs. B, Yes ; but in that instance the pulleys are 
fixed) and do not increase the power to raise the weights, 
as you wiU perceive by this fijfure. (plate V. fig. 1.) Ob- 
serve that the fixed pulley is on the same pnnciple as 
the lever of a pair of scales, in which the fulcrum F be- 
inff in the centre of gravity, the power P and the weight 
Wy are equally distant from it, and no advantage is 



Emily, Certainly ; if P represents the power em* 
pbyed to raise the weight W,uie power must be great- 
er maa the weight in order to move it. But of what 
iOse then are pimeys in mechanics ? 
[ Mr$m JB. The next figure represents a pulley which 
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is not fixed, rfig. 2.) and thus situated you will perceivr 
that it affords us Tnechanical assistance. In order to 



raise the weight (W) one inch, P, the power, must draw 
the strings B and C one inch each ; tlie whole string is 
therefore shortened two inches, while the weiglit is 
mised only one. 

Emily. That I understand : if P drew the string 
but one inch, the weight would be raised only half an 
inch, because it would shorten the strings B and C half 
an inch each, and consequently the pulley With the 
weight attached to it, can be raised only haU an inch. 

Caroline. I am ashamed of my stupidity ; but I ccm- 
fcss that I do not understand this ; it appears to me 
that the weight would be raised as much as the string 
is shortened by the power. 

•Mrs. B. I will endeavour to explain it more cleM- 
ly, I fasten this string to a chair and draw it lowardi 
me i I have now shortened the string, by the act of 
drawing it, one yard. 

Caroline. Aiwd the chair, as I supposed, has adraii' 
ced one yard. 

Mrs. B. This exemplifies the nature of a uo^ 
fixed pulley only. Now unfasten the string, and re- 
place the chair where it stood before. In order to re- 
present the moveable pulley, we must draw the chwr 
forwards by putting the string round it; one end of tht 
string may be fastened to the legof the table, and I shall 
draw tfie chair by the other end of the string. I ha»e 
again shortened the string one yard ; how much has the 
chair advanced ? 

Carotitte. I now understand it ; the chair rcprescBtS 
the weight to which the moveable pulley is attached [ 
and it is very clear that the weight can be drawn oaly 
half the length you draw the string. I believe theUr' 
cumsiance that perplexed me was, that I did not ob- 
serve the difference that results from the weight being 
attached to the pulley, instead of being fastened^to the 
string, as is the case in the fixed pulley. 

Bmilp But I do not yet understand the advani 



advantags 
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of puUeyst ; they seem to me to increase rather than 
diminish the difficulty of raising weights, since you 
must draw the string double the length that you raise 
the weight ; whilst with a single pulley, or widiout any 
pulley, the weight is raised as much as the string is 
shortened. 

Mrs. B. The advantage of a moveable pulley con- 
sists in dividing the difficulty; we must draw, it is true^ 
twice the length of the string, biit then only half the 
strength is required that would be necessary to raise 
the weight without the assistance of a moveable pulley. 

Emily. So that the difficulty is overcome in the 
same manner as it would be, by dividing the weight 
into two equal parts, and raising them successively. 

Mrs. A Exactly. You must observe, that with a 
moveable pulley the velocity of the power is double 
that of the weight, since the power P (fig. 2.) moves 
two inches whilst the weight W moves one inch ; there- 
fore the power need not be more than half the weight 
to make their momentums equal. 

Caroline. Pulleys act then on the same principle as 
the lever, the deficiency of strength of the power being 
eompensated by its superior .Telocity. 

Mrs. B. You will find, that all mechanical power is 
founded on the same principle. 

Emily. But may it not be objected to pulleys, that 
a longet time is required to raise a weight by their aid 
than without it ; for what you gain in power you lose 
in time i 

Mrs. B. That, my dear, is the fundamental law in 
mechanics : it is the case with the lever as well as the 
pulley ; and you will find it to be so with all the other 
mechanical powers. 

Caroline. I do not see any advantage in the mecha- 
nical powers then, if whiat we gain by them one way is 
iost another. 

Mrs. B. Since we are not able to increase our na- 
tural strength, is not that science of wonderful utility, 
hy TMfaaa of which we may reduce the resistance or 
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weight of any body to the level of our strength ! Tliii 
the mechanical powers enable us to accomplish, by di- 
viding the resistance of a body into parts which we can 
successively overcome. It is true, as you observe, that 
it requires a sacrifice of time to attain this end, but you 
must be sensible how very advantageously it is exchang- 
ed for power : the utmost exertion we can make adcb 
but little to our natural strength, whilst we have a much 
more unlimited command of time. You can now un- 
derstand, that the greater the number of pulleys con- 
nected by a string, the more easily the weight is raised, 
as the difficulty is divided amongst the number of strings, 
or rather of parts into which the string is divided by 
tfie pulleys. Several pulleys thus connected, form 
what IS called a system, or tackle of pulleys, ^fig. 3.J 
You may have seen them suspended from cranes K> 
raise goods into warehouses, and in ships to draw up 
the sails. 

Emily. But since a fixed pulley affords us no mecha- 
nical aid, why is it ever used i ., 

JSrs, B. Though it does not increase our power, iti 
is frequendy useful for akpring its direction. A BiQ^ j 
pulley enables us to draw up a curtain, by drawing down 
the string connected with it ; and we should be much at 
a loss to accomplish this simple operation without its 



Caroline. There would certainly be some difficult 
in ascending to the head of the curtain, in order to draw 
it up. Indeed, I now recollect having seen workmen 
raise small weights by this means, which seemed to an- 
swer a very useful purpose. 

Mrs. B. In shipping, both the advantages of an in- 
crease of power and a change of direction, by means 
of pulleys, are united : for the sails are raised up die 
masts by the sailors on deck, from the change of airec< 
tion which the pulley effects, and the labour is facili- 
tated by the mechanical power of a combinaticm ofj 
pulleys. 

Emily. But the pulleys on ship-board do not appear 
Wtobe united in the manner you have shown % 
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JUrx. Bm They are, I believe, generally connected as 
described in figure 4, both for nautical, and a variety 
©f other purposes ; but in whatever manner pulleys are 
connected by a single string, the mechanical power is 
the same. 

The third mechanical power is the wheel and axle. 
Let us suppose ^plate VI. fie;. 5.) the weight W to be a 
kucket of water m a well, which we raise by winding 
the rope, to which it is attached, round the axle ; if this 
be done without a wheel to turn the axle, no mechanical 
assistance is rdl^ved. The axle without a wheel is as 
impotent as a single fixed pulley, or a lever, whose ful- 
crum is in the centre : but add the wheel to the axle, 
^d you w^Ujpmediately find the bucket is raised with 
much less flnculty. The velocity of the circumference 
of the wheel is as much greater than that of the axle, as 
U is further from the centre of motion ; for the wheel 
describes a great circle in the same space of time that 
the axle describes a small one, therefore the power is 
increased in the same proportion as the circumference 
of the wheel is greater than that of the axle. If the ve- 
locity of the wheel is twelve times greater than that of 
the axle, a power nearly twelve times less than the weight 
of the bucket would be able to raise it. 

Emily. The axle acts the part of the shorter arm of 
the lever, the wheel that of the longer arm. 

Caroline. In raising water, there is commonly, I 

believe, instead of a wheel attached to the axle, only a 

{^rooked handle, which answers the purpose of wind- 

Q)g the rope round the axle, and thus raising the 

. bucket. 

Mrs. B. In this manner (fig. 6.) ; now if you ob- 
serve the dotted circle which the handle describes in 
winding up the rope, you will perceive that the branch 
of the handle A, which is united to the axle, represents 
the spoke of a wheel, and answers the purpose of an en- 
tire wheel ; the other branch B affords no mechanical 
^d, merely serving as a handle to turn the wheel. 

Wheels are a very essential part of mos\ Ti\'3cOcCYc\fc'^\ 
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ihcy are employed in various ways ; but, when fixed to 
the axle, their mechanical power is always the same : 
that is, as the circumference of the wheel exceeds that 
«f the axle, so much will the energy of the power be 
increased. ; 

Caroline. Then the larger the wheel the greater mosj 
be its effect^ 

^rs. B, Certainly. If you have ever seen any 
siderable mills or manufactures, you must have admired 
the immense wheel, the revolution of which puts tb£ 
whole of the machinery into motionJ^nd though st 
great an effect is produced by it, a horse or two hi 
sufficient power to turn it ; sometimes a stream of wi 
ter is used for that purpose, but of latqams, a steami 
engine has been found both the most poflHul and &| 
roost convenient mode of turning the wheel. 

Caroline. Do not the vanes of a windmill repress 
a wheel, Mrs. B. ; 

Jlrs. B. Yes ; and in this instance we have the a^ 
vantage of a gratuitous force, the wind, to turn 
wheel. One of the great benefits resul^ng from the usi 
of machinery is, that it gives us a sort of empire ovei 
the powers of nature, and enables us to make then 
perform the labour which would otherwise fall to thJ 
lot of man. When a current of wind, a stream of wa^ 
ter, or the expansive force of steam, performs our task 
we have only to superintend and regulate their opersi 
tions. 

The fourth mechanical power is the inclined plane 
this is nothing more than a slope, or declivity, frequent 
ly used to facilitate the drawing up of weights. It ]i 
not difficult to understand, that a weight may mucfi 
more easily be drawn up a slope than it can be Valsed 
the same height perpendicularly. But in this, as well 
as the other mechanical powers, the facility is purchs' 
Bed by a loss of time (fig. 7.) ; for the weight, instead ol 
moving directly from A to C,must move from B to C, 
and as the length of the plane is to its height, so mm" 
(S the resistance of the weight diminished. 
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iStmly. Yes ; for the resistance, instead of being 
confined to the short line A C« is spread over the lone: 
lineBC. 

Mrs. B. The wedge, which is the next mechanical 
power, is composed of two inclined planes (fig. 8.) : you 
may have seen wood-cutters use it to cleave wood. 
The resistance consists in the cohesive attraction of 
the wood, or any other body which the wedge is em- 
ployed to separate ; and the advantage gained by this 
Ewer is m tiic proportion of half its width to its length ; 
r while the wedge forces asunder the coherent parti- 
des of the wood to A and B, it penetrates downwards 
as far as C. 

Emily. The wedge, then, is rather a compound than 
ft distinct mechanical power, since it is composed of 
two inclined planes. 

^ Mfs. B. it is so. All cutting instruments are con- 
k itructed upon the principle of the inclined plane, or the 
I Wedge.: those that have but one edge sloped, like the 
rdiisel, may be referred to the inclined plane; whilst 
: Ae axe, the hatchet, and the knife (when used to split 
i ttunder) are used as wedges. 

f Caroline. But a knife cuts best when it is drawn 
r across the substance it is to divide. We use it thus in 
f cutting meat, we do not chop it to pieces. 

Mrs. B. The reason of this is, that the edge of a 

knife is really a very fine saw, and therefore acts best 

when used like that instrument. 

The screw, which is the last mechanical power, is 

^ Wpfte complicated than the others. You will see by this 

'figure, (fig. 9.) that it is composed of two parts, the 

acrew and the nut. The screw S is a cylinder, with a 

^protuberance coiled round it, called the thread ; 

Ac nut N is perfDrated to contsdn the screw, and the 

r aside of the nut has a spiral groove made to fit the spi- 

I'ld thread of the screw. 

Caroline. It is just like this little box, the lid of 
wluch screws on tKe box as you have described ; but 
what is this handle which projects from the tk\xx\ 
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JIfrs. B. It is a lever, which is attached to the nu 
without which the screw is never msed as a mfcchanics 
power: the nut with a lever L attached to it, is com 
monly called a winch. The power of the screw, com 
plicated as it appears, is referable to one of the mos 
' simple of the mechanical powers ; which of th6m d( 
you think it is ? 

Caroline. In i^pearance, it most resembles the wheel 
and axle. - , 

Mt$^ B» The lever, it is true, has the eiFect pf a 
wheel, as it is the means by which you wind the .ntit 
round ; but the lever is not considered as composing a 
part of the screw, though it is true, that" it is necessa- 
rily attached to it. But observe, that the lever, consi- 
dered as a wheel, is not fastened to the axle or screw^ 
but moves round it, and in so doing, the nut either 
rises or descends, according to the way in which yott 
turn it. 

Emily. The spiral thread of the screw resembles, 
I think, an inclined plane : it is a sort of slope, by 
means of which the nut ascends more easily thaa it 
would do if raised perpendicularly; and it serves to 
support it when at rest. 

Mrs. B. Very well : if you cut a slip of paper in 

the form of an inclined plane, and wind it round your 

. pencil, which will represent the cylinder, you will find 

that it makes a spiral line, corresponding to the spiral 

protuberance of the screw, (fig. 10.) 

Emily. Very true ; the nut then ascends an inclined 
plane, but ascends it in a spiral, instead of a straight 
line : the closer the thread of the screw, the more easy 
the ascent ; it is like having shallow, instead of steep 
steps to ascend. 

Mrs. B. Yes ; excepting that the nut takes no , steps, 

it gradually winds up or down y then observe, that me 

', closer the threads of the screw,'ihe greater the number 

(of revoluddns the winch must make ; so that we return 

WP.the old principle,— what is saved in power is lost in 
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JEfmhf. Cannot the power of the screw be increased 
alsO) by lengthening th^ lever attached to the nut ? 

Mrs. B. Certainly, The screw, with the addition of 
the lever, forms a very powerful machine, employed ei- 
ther for compression or to raise heavy weights. It is 
used by book-binders, to press the leaves of books to* 
gether ; it is used also in cyder and wine presses, in 
coining, and for a variety of other purposes. 

All machines are composed of one or more of these 
ux mechanical powers we have examined : I have but 
one more remark to make to you relative to them, which 
is, that friction in a considerable degree din^nishes their 
ferce, allowance must therefore always be made for it, 
in the construction of machinery. 

Caroline. By friction, do you mean one part of the 
machine rubbing against another part contiguous to it t 

Mrs. B. Yes : friction is the resistance which bodies s. 
meet with in rubbing against each other ; there is no 
such thing as perfect smoothness or evenness in nature ; 
polished metals, though they wear that appearance, 
more than any other bodies, are far from really possess* 
ing it; and their inequalities may frequently be per- 
ceived through a good magnifying glass. When, there- 
fore, the surfaces of the two bodies, come in contact, 
the prominent parts of the one will often fall into the 
hollow parts of the other, and occasion more or less re- 
sistance to motion. 

Caroline. But if a machine is made of polished me- 
tal, as a watch for instance, the friction must be very 
trifling ? 

Mrs. B. In proportion as the surfaces of bodies are 
Well polished, the friction is doubtless diminished ; but 
it is always considerable, and it is usually computed to 
destroy one-third of the power of a machine. Oil or 

Sease is used to lessen friction : it acts as a polish by 
ling up the cavities of the rubbing surfaces, and thus 
making them. slide more easily over each other. 

Caroline. Is it for this reason that wheels are grea^ 
ed, and the locks and hinges of doors oilod! 

H 
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Mrr^B. Yes $ in these instances the conUct of die 
nibbing sur£eu:es is so close, and the rubbing so contifio- 
d, that notwithstandmg their being polished and oiled, 
a considerable degree of friction is produced* 

There are two kinds of friction ; the one occasioiied 
by the sUding of the flat surface of iH body, the otherb)? 
the rolling of a circular body ; the friction resulting 
from the nrst b much the most' considerable^ for great 
fiorce is required to enatile the sliding body to over- 
come the. resistance wludU! the asperities of the surfa- 
ces in convict oppose to Its motion^ and it must be ei- 
ther lifted oyer, or brake through them ; whilst, in the 
otiier kind of fnctipn, the rou^ parts roll over each 
otiier with comparative fiacility ; hence it is, that wheels 
are often used tor the sole purpose of diminishing the 
resistance of friction. 

BmUy. This is one of the advantages of carriage- 
wheels ; is it not ? 

Mrs. B. Yes ; and the larger the circumference of 
the wheel the more readily it can overcome any consi- 
derable obstacles, such as stones, or inequalities in the 
road. When, in descending a steep hill, we fasten one 
of the wheels, we decrease the velocity of the carriage, 
by increasing the friction. 

Caroline. That is to siy, by converting the roUiog 
friction into the draggine friction. And when you had 
casters put to the legs of the table, in order to move it 
more easily, you changed the dragging into the rolling 
friction. 

Mrs. B. There is another drcttmstance which we 
have already noticed, as dimioishing the motion of bo* 
' dies, and wnich greatly affects the power of machines. 
This is the resistance of the medium, in which a ma- 
chine is worked. All fluids, whether of the nature oi 
air, or of water, are called mediums ; and their resis- 
tance is proportioned to their density; for the more 
matter a body contains, the greater the' resistance i^ 
vill oppose to the motion of another body striking 
agunst it. 
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Enulpm It would dien be much more difficult to work 
a machme under water than in the ur ? 

M^ B. Certaiok-, if a machine could be worked 
in 'MECMO, and widraat friction, it would be perfect ; 
but this is unattainable; a considerable reduction of 
power must therefore be allowed for the resisunce of 
the air. 

We shall here copdude our obser\*atioiis on the me- 
chanical powers. At our next meeting I shall endea- 
vour to give you an explanation of the mouon of the 
heavenly bodies. 
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CAROLINE. 

I AM come to you to-day quite elated with the spirit 
of opposition, Mrs. B. ; for I have discovered such a 
powerful objection to your theory of attraction, that I 
doubt whether even your conjuror Newton, with his 
magic wand of attraction, will be able to dispel it. 

Mrs, B. Well, my dear, pray what is this weighty 
olyection ? 

Caroline. You say that bodies attract in proportion 
to the quantity of matter they contain, now we all know 
the sun to be much larger than the earth : why, there- 
fore, does it not attract the earth ; you will not, I sup- 
pose, pretend to say that we are falling towards the 
sun ? 

Emily. However plausible your objection appears, 
Caroline, I think you place too much reliance ilpon it : 
when any one has given such convincing proofs of sa- 
gacity and wisdom as Sir Isaac Newton, when we find 
that his opinions are imiversally received and adopted, 
is it to be expected that any objection we cati advance 
should overturn them ? 

^ Caroline. Yet I confess that I am not inclined to 
yield implicit faith even to opinions of the great New- 
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ton : for what purpose are we endowed with reason, if 
ive are denied the privilege of making use of it, by 
judging for ourselves ? . 

Mrs. B. It is reason itself which teaches us, that 
ivhen we, novices in science, start objections to theories 
established by men of acknowledged wisdom, we should 
be diffident rather of our own than of their opinion. I 
am far from wishing to lay the least restraint on your 
questions ; you cannot be better convinced of the truth 
of a system, than by finding that it resists all your at- 
tacks, but I would advise you not to advance your ob- 
jections with so much confidence, in order that the dis- 
covery of their fallacy may be attended with less mor- 
tification. In answer to that you have just proposed, I 
can only say, that the earth really is attracted by the 

&UD. 

Caroline. Take care at least that we are not consu- 
med by him, Mrs. B. 

Mr$i B. We are in no danger ; but our magician 
Newton, as you are pleased to call him, cannot extri- 
cate himself from this difficult without the aid of 
Some cabalistical figures, which I must draw for him. 

Let us suppose the earth, at its creation, to have 
been .projected forwards into universal space : we know 
that if no obstacle impeded its course it \trould proceed 
^n the same direction, and with a uniform velocity for 
ever. In fig. 1. plate VI, A represents the earth, and S 
the sun. We shall suppose the earth to be arrived at 
Ae point in which it is represented in the figure, having 
* velocity which would carry it on to B in the space of 
<»e month ; whilst the sun's attraction would bring it 
to C in the same space of time. Observe that the two 
forces of projection and attraction do not act in opposi- 
.•ion, but perpendicularly, or at a right angle to each 
^er. Can you tell me now, how the earth will move ? 
I Emily. I recollect your teaching us that a body act- 
■^d upon by two force.s perpendicular to each other 
*Ould move in the 'diagonal of a parallelogram ; if, 
therefore, I complete the parallelogram by drawing tht^ 



90 CAUSES Oi TUIS 

lines C D, B D, the earth will move in the diagonal 
AD. 

Mrs. B. A ball struck by two forces acting perpen- 
dicularly to each other, it is true, moves in the diagond 
cf n parallelogram ; but you must observe that th4 
farce of attraction is contiiiually acting upon our tcr. 
Kstrial ball, and producing an incessant deviation fron 
its course in a right line, which converts it into that o 
a curve-line ; every point of which may be consideret 
as constituting the diagonal of an infinitely small paral- 
klogram. 

Let us detain the earth a moment at the point D, and 
consider how it will be affected by the combined ac^oi 
ef the two forces in its new situation. It still retaist 
its tendency to fly off in a straight line ; but a straig^ 
line would now carry it away to F, whilst the sun wotlbt 
attract it in the direction D S i how then will it pro- 
ceed ? 

Eviili/. It will go on in a curve-line, in a ditecuoii 
between that of the two forces. 

JSrs. B, In order to know exacdy what course thfl 
earth will follow, draw another parallelogram similu 
to the first, in which the line D F describes the £orceaf 
projection, and the line D S, that of attraction ; anil 
will find that the earth will proceed in the curve- 
DC. 

Caroline. You must ngw allow me to draw a paraL 
lelogram, Mrs, B. Let me consider in what direcboB 
will the force of projection now impel the earth. 

Mrs. B. First draw a line from the earth to the siu 
representing the force of attraction ; then describe tin 
force of projection at a right angle to it. •' 

Caroliiie. The earth will then move in the curvi 
G I, of the parallelogram G H I K. 

Mn. B. You recollect that a body acted upon bjl 
two forces, moves through a diagonal in the same linn 
that it would have moved through one of the sides ol 
the parallelogram, were it acted ufK)n by one force onlji 
The earth has passed through the diagonals ef ther^ 
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three paratlelograins in the space o£ three months, and' 
has performed one quarter of a circle ; and on the same 
principle it will go on till it has completed the whole of 
the circle. It will then recommence a course, which it 
has pursued ever since it first issued from the hand of 
its Creator, and which there is every reason to suppose 
it will continue to follow, as long as it remains in ex- 
istence. 

Emily. What a grand and beautiful effect resulting 
&om so simple a cause ! 

Caroline. It affords an example, xm a magnificent 
Kale, of the circular motion which you taught us in 
mechanics. The attraction of the sun is the j;entri petal 
force, which confines the earth to a centr#; and the im- 
pulse of projection the centrifugal force, which impels 
the earth to quit the sun and fly off in a tangent. 

•JUrs. B. Exactly so. A simple mode of illustrating 
the effect of these combined forces on the earth, is to 
Cut ft slip of card in the form of a right angle, (fig. 2. 
plate Vl.)to describe a small circle at the angularpoJnt 
Tepresenting the earth, and to fasten the extremity of ' 
'One of the legs of the angle to a fixed point, which we 
ehall consider as the sun. Thus situated, the angle will 
represent both the centrifugal and centripetal forces j 
.and if you draw it round the fixed point, you will see 
how the direction of the centrifugal force varies, con- 
stantly forming a tangent to the circle in which the 
earth moves, as it is constandy at a right angle with the 
centripetal force. 

Emitt/. The earth then, gravitates towards the sua 
without the slightest danger either of approaching nearer 
or receding further from it. How admirably this is 
contrived ! If the two forces which produce this cir- 
cular motion had not been so accurately adjusted, one 
would ultimately have prevailed over the other, and we 
should either have approached so near the sun' as to 
have been burnt, or have receded so far from it as to 
Wve been frozen. 
pwlfri. S. What wiii you say, my dear, whtn I tett 
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you, that these two forces are not, in fact, so propor- 
tioned as to produce circular motion in the earth ? 

Caroline. You must explain to us, at least, in what 
manner we avoid the threatened destruction. 

■tfrs. B. Let us suppose that when the earth is at A, 
(fig. 3.) ita projectile force should not have given it a 
velocity sufficient to counterbalance that of gravity^.'so 
as to enable these powers conjointly to carry it round 
the sun in a circle ; the ea,rth, instead of describing the 
line A C, as in the former figure, will approach nearer 
the sun in the line A B. 

Caroline. Under these circumstances, I see not what 
U to prevept our approaching nearer and nearer the 
till we fall in(b it : for its attraction increases aa we ad- 
vance towards it, and produces an accelerated velocity 
in the earth, which increases the danger. 

Jlfrs. B. And there is yet another danger, of whic^ 
you are not aware. Observe, that as the earth ap- 
proaches the sun, the direction of its projectile fiircc is 
no longer perpendicular to that of attraction, but inc 
more nearly to it. When the earth reaches that partof 
its orbit at B, the force of projection would carry iltff 
D, which brings it nearer the sun instead of bearing it 
away from it. 

Emily. If, then, we are driven by one power and 
drawn by the other to this centre of destruction, how is 
it possible for us to escape ? 

*Wr?. B, A little patience, and you will find that 
are not without resource. The earth continues ap« 
preaching the sun with a uniformly increasing accck* 
rated motion, till it reaches the point E ; in what di- 
rection will the projectile force now impel it ? 

Emily. In the direction E F. Here then the tWfl 
forces act perpendicularly to each other, and the earth' 
is situated just aa it was in the preceding figure; there- 
fore, from this point, it should revolve round the sun in 
a circle, 

Mrs. B. No, all the circumstances do not agree. I& 
tnotion round a centre, you recollect that the centrifa- 
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gal force increases with the velocity of the body, or in 
other words, the quicker it moves the stronger is its 
tendency to fly off in a right line. When Uie earth, 
I therefore, arrives at E, its accelerated motion will have 
so far increased its velocity, and consequently its cen- 
trifugal force, that the latter will prevail over the force 
ef attraction, and drag the earth away from the sun till 
it reaches G. , 

Caroline. It is thus, then, that we escape from the 
dangerous vicinity of the sun ; and in proportion as we 
recede from it, the force of its attraction, and, conse- 

Iquently, the velocity of the earth's motion, are dimi- 
nished. 
Mrs* B. Yes. From G the direction of projection 
^ is towards H, that of attraction towards S, and the 
earth proceeds between them with a uniformly retarded 
motion, till it has completed its revolution. Thus you 
lee, that the earth travels round the sun, not in a circle, 
but an ellipsis, of which the sun occupies one of the 
fad; and diat in its course the earth alternately ap- 
proaches and recedes from it, without any danger of 
being cither swallowed up, or being entirely carried 
away from it. -* 

(kirMnt. And I observe, that what I apprehended 
I to be a dangerous irregularity, is the means by which 
the most perfect order and harmony are produced. 

Emily* The earth travels, then, at a very unequal 
rate, its velocity being accelerated as it approaches the 
sun, and retarded as it recedes from it. 

Mrs. B, It is mathematically demonstrable, that, in 
moving round a point towards which it is attracted, a 
body passes over equal areas in equal times. The 
whole Qf the space contained within the earth's orbit, 
is, in fig. 4., divided into a number of areas, or spaces^ 
1, 2, 3, 4, &c. all of which are of equal dimensions, 
&ough of very different forms ; some of them, you see, 

t' are Ion g and narrow, others broad and short : but they 
each of them contain an equal quantity of space. An 
imaginary line drawn from the centre of the earth to 
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ihal of the sun, and keeping pace with the earth in itj 
revolution, passes over equal areas in equal timed 
that is to say, if it is a month going from A to B, i 
will be a month going from B to C, and another froH 
C to £, and so on. j 

Caroline, What long journeys the earth has to pe 
form in the course of a month, in one part of her orbi 
and how short they are in the other part ! 

JUrs. B. The inequality is not so considerable 1 
appears in this figure ; for the earth's orbit is not-i 
eccentric as it is there described; and in reality, dl 
fers but little from a circle ; that part of the earth's 
bit nearest tlie sun is called its pmhelum, that part mo 
distant from the sun its aphelion ,■ and the earth is aboi 
three millions of tnilts nearer the sun at its perihelh 
than at its aphelion. 

Bmity. I think I can trace a consequence from tlia 
different situations of the earth ; is it not the aoise t 
Bumnter and winter? 

Mrs. B. On the contrary ; during the height of sud 
iner, the earth is in that part of its orbit which is mo 
distant from the sun, and it is during the severity^ 
winter, that it approaches nearest to it. 

Emily. That ia^^very extraordinary ; and how then ( 
you account for the heat being greatest, when we fe 
most distant from the sun ? 

Mrs. B. I'he difference of the earth's distance fas, 
the sun in summer and winter, when compared wi^ J 
total distance from the sun, is but inconsiderable, li 
earth, it is true, is above three millions of miles nea* 
the sun in winter than in summer j but that distaac 
however great it at first appears, sinks into insignificaM 
in comparison of 95 millions of miles, which is « 
mean distance from the sun. The change of tempcn 
ture, arising from this difference, wodld scarcely \ 
sensible ; were it not completely overpowered by Oth< 
causes which produce the variations of the seasou 
but these 1 shall defer explaining, till we have mad 
aomt further observations on the heavenly bodies.. ,' 
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f Caroline. And should not the sun appear smaller in 
ttmmer, when it is so much further from us .' 
;. Jffrs, B. It actually does, when accurately m<;asu- 
^d ; but the apparent difference in size, Is I believe, 

t perceptible to the naked eye. 

Mmily. Then, since the earth moves with greatest 

loci^ in that part of its orbit nearest the sun, it must 
e completed its journey through one half of its or- 

I in a shorter time than the other half? 

Yes, it is about seven days' longer perforra- 

Rdie summer-half of its orbit, than the winter-half, 
lie revolution of all the planets round the sun is the 
lult of the same causes, and is performed in the same 

t as that of the earth. 
Caroline. Pray what are the planets ? 
'Mn. B. They are those celestial bodies, which re- 
ive like our earth about the sun; they are supposed 
resemble the earth also in many other respects ; and 
S are led by analogy to suppose them to be inhabited 
wlds. 

Caroline, I have heard so ; but do you not think 
n opinion too great a stretch of the imagination F 
J^S. B. Some of the planets are proved to be larger 
an the earth ; it is only their immense distance from 
J which renders their apparent dimensions so small. 
ow if we consider them as enormous globes, instead 
lamall twinkling spots, we shall be led to suppose, that 
E. Almighty would not have created them merely for 
5 purpose of giving us a little light in the night, as it 
"» formerly imagined, and we should find it more con- 
tent with our ideas of the Divine wisdom and bene- 
aice to suppose that these celestial bodies, should be 
iated for the habitation of beings, who are, like us, 
»sed by his providence. Both in a moral as well as 
physical point of view, it appears to me more rational 
.consider the planets as worlds revolving round the 
n ; and the fixed stars as other suns, each of them at- 
bded by their respective system of planets, to which 
ey impart their influence. We have brought, oux y 
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Rscopee to such a degree of perfection, thatlroini 
appearances which the moon ei^ibits when seen throttl 
them, we have very good reason to conclude, that ill 
a habitable globe, for though it is true, thai we caonH 
discern its towns and people, we can plainly perceive il 
nountains and valleys ; and some astronomers hav 
* gone so far as to imagine they discovered volcanos. I 

Emily, If the fixed stars are suns, with planets n 
volving round them, why should we not see those pM 
nets as well as their suns ? j 

^rs. B. In the first place, we conclude that the pq 
■nets of other systems, (like those of our own,) are mud 
emaller than the suns which ^ve them light ; therefej 
at so great a distance as to make the suns appear 111 
fixed stars, the planets would be quite invisible. Second 
ly, the light of the planets being only reflected Li^t, I 
much more feeble than that of the fixed stars. Inefl 
is exactly the same difference as between the Bght d 
the sun and that of the moon ; the first being a fixed aM 
the second a planet. J 

Emily. But if the planets are worlds like our eard 
they are dark bodies ; and instead of shining by nim 
wc should see them only by day-light. And why 4 
we not see the fixed stars also by day -light ? \ 

Mrs. B, ■ Both for the same reason ; their lig^tiaii 
faint, compared to that of our sun reflected by the M 
niosphere, that it is entirely effaced by it : the light eiM 
ted by the fixed stars may probably be as strong as tM 
of our sun, at an equal distance ; but being so mud 
more remote, it is diffused over a greater space, andl 
consequentlv proportionally weakened. J 

Carolinf. True ; I can see much heller by the Hffl 
of a candle thai is near me, than by that of one at a grni 
distance. But I do not understand what makes the pi 
nets shine ? 

Jtfw. U. What is that which makes the steel b 
on your brother's coat shine ? 

Caroline. The sun. But if it was the sun t 
made the planets shine, we shotild see them in the^^ 
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DBC when the sun shone upon them ; or if the faintness 
; their light prevented our seeing them in the day, wf 
lould not see them at all, for the sun cannot shine up- 
) them in the night. 

■Mrs. B. There you are in error. But in order lo 
pl^n this to you, I must first make you acquainted 
th the various motions of the planets. 
ITou know, that according to the laws of attraction, 
! planets belonging to our system all gravitate to- 
irds the sun ; and that this force, combined with 
It of projection, will occasion their revolution round 
S sun, in orbits more or less elliptical, according to 
i proportion which these two forces bear to each 
ler. 

'But the planets have also another motion ; they re- 
ive upon their axis. The axis of a planet is an im- 
inary line which passes through its centre, and on 
dch it turns i and it is this motion which produces 
y and night. With that side of the planet facing the 
D it is day j and with the opposite side, which re- 
ins in darkness it is night. Our earth, which we con- 
ttr as 3 planet, is 24 hours in performing one revolu- 
B on its axis ; in that period of time, therefore, we 
se a day and a night j hence this revolution is called 
E earth's diurnal or daily motion ; and it is this revo- 
don of the earth from west to east which produces an 
fKirent motion of the sun, moon, and stars in a con- 
py direction. 

Let UB now suppose ourselves to be beings indepen- 
fet of any planet, travelling in the skies, and looking 
'■"n the earth in the same point of view as upon the 

T planets. 

CartdiTie. It is not flattering to us, its inhabitants, 
see it make so insignilicant an appearance. 
Mrs, B. To those who are accustomed to contem- 
t in this light, it never appears more glorious. 
.._e taught by science to distrust appearances : and 
Btead of considering the planets as little sUrs, we look 
n them cither as brilliant suns or habitable woridi 
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i we consider the whole together as forinii»|_ 

1 magni^cent system, worthy of the Divine !i 

ich U was created. 

Smity. I can scarcely conceive the idea of dlts i 
of creation; it seems too sublime for oar ii 
n : — and to think that the goodness of Pro 
_^ ; extends over millions of worlds throughoiU 
toundless universe — Ah I Mrs. B., it is we only M[ 
become trifling and insignificant beings in so magni&ci 
a creation ! 

Mrs. B. This idea should teach us humility, I 
without producing despondency. The same Almi^ 
hand which guides these countless worlds in iheir'und 
viating course, conducts with equal perfection the U6 
as it circulates through the veins of a fly, and opeiut 
eye of the insect to behold His wonders. NotwithsUD 
ing this immense scale of creation, therefore, we W 
not fear to be disregarded or forgotten. 

But to return to our station in the skies. We W« 
if you recollect, viewing the earth at a great distau 
in appearance a little star, one side illumined by 1 
sun, the other in obscurity. But would you belitvc 
Caroline, many of the inhabitants of this little sturtin 
frine that when that part which they inhabit is tuiD 
from the sun, darkness prevails throughout the univen 
merely because it is night with them ; whilst, in reali 
the sun never ceases to shine upon ever}" planet. Whi 
therefore,. these little ignorant beings look around Ae 
during their Iiight, and behold all the stars shiiiin 
they cannot imagine w^y the planets, which are d» 
bodies, should shine, concluding, that since the sun do 
not illumine themselves, the whole universe must be 
darkness. 

Caroline. I confess that I was one of these ignora 
people J but I am now very sensible of the absurdity ' 
such an idea. To the inhabitants of the other planet 
then, we must appear as a little star ? 

Mrs. B. Yes, to those which revolve round W 
sun i for BiBce those which may belong to other ^t 
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terns (and whose existence is only hypothetical,) are 
invisible to us, it is probable, that we sdso are invisible 
to them. 

JBmiljf* But they may see our sun as we do theirs,, 
in appearance a fixed star ? 

Jm^ B. No doubt ; if the beings who inhabit those 
planets are endowed with senses similar to ours. By 
the same rule, we must appear as a moon, to the ii^ha- 
bitants of our moon ; but on a larger scale, as the sur- 
face of the earth is about thirteen times as large as that 
of the moon. 

Emilff* The moon, Mrs. B., appears to move in a 
different direction, and in a different manner from th^ 
stars? 

•Ifris. B, I shall defer the explanation of the motion 
of the moon, till our next interview, as it would prolong 
our present lesson too much. 
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MRS. B. 

The planets are distinguished into primary and se*- 
condary. Those which revolve immediately about the 
sun are called primary* Many of these are attended 
in their course by smaller planets, which revolve round 
them : these are called secondary planets, satellites, or 
moons. Such is our moon which accompanies the earth, 
and is carried with it round the sun. 

Emily. How then can you reconcile the motion of j 
the secondary planets to the laws of gravitation ; for " 
ihe sun is much larger than any of the primary planets ; 
and is not the power of gravity proportional to the 
quantity of matter? \ 

Caroline, Perhaps the sun, though much larger may 
be less dense than the planets. Fire you knov/ is very i 
light, and it may contain but litde matter, though (n j 
^jjreat magnitude. j 

Mrs. B. We do not know of what kind of matter the 
sun is made ; but we may be certain, that since it is the 
general centre of attraction of our syst^n of planets, it 
must be the body which contains the greatest quantity 
of matter in that system* 
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Vou must recollect, that the force of sittnction ia not 

only proportional to the quantity of matttyr, hut to the 

I degree of proximity of the attractive body : this power 

is weakened by being diffused, and diminishes as the 

squares of the diiitances increase. The square is the 

produci of a number multiplied by itself; so that a 

lanet situate at twice the distance at which we arc from 

he BUn would gravitate four times less than we do ; for 

Qle product of two multiplied by itself is four. 

VarolUie. Then the more distant planets move slow- 
1 their orbits ; for their projectile force must be 
iropoitioned to that of attraction .' But I do not see 
low this accounts for the motion of the secondary' 
1 the primary planets, in preference to the sun i 
JEmil'i/. Is it not because the vicinity of the prima- 
y planets renders their attraction stronger than that of 
le aun ? 

JUra. B. Exactly so. But since the attraction b<- 
ween bodies is mutual, the primary planets are also at- 
mcted by the satellites, which revolve round them. 
?he nioon attracts the earth, as well as the earth the 
joon ; but as the latter is the smaller body, her at- 
racUon is proportionally less ; therefore neither the 
arth revolves round the moon, nor the moon round 
ic earth ; but they both revolve round a point, which 
! their common centre of gravity, and wliich is as 
luch nearer the earth than the moon, as the gravity of 
e former exceeds that of the latter. 
Bmiiif. Yes, I recollect your saying, that if two bo- 
" A were fastened together by a wire or bar, their com- 
et centre of gravity would be in the middle of the bar, 
i the bodies were of equal weight ; and if they 
I. in weight, it would be nearer the larger body. 
I the earth and moon had no projectile force 
Jjt'prevented their mutual attraction from bringing 
a together, they would meet at their common cen- 
e of gravity. 
Caroline. The earth then has a great variety of rao- 



102 UN THE PLANLrs. 

tion, it icv<Ai'es round the sun, upon its axis, .mil round 
the point to\\ards which the moon attract 

Mrs. H. just SO; and this is the caae with evcr>' 
]>tanet whieh is attended hy satellites. The complicat- 
ed effpct of this variety of motions, produces certain 
irregularilies, which, however, it is not neccssai^r " 
notice at present. 

The planets act on the sun in the same manner, 
they are themselves acted on by their satellites ; for 
traction, you must remember, is always mutual 
. Ac gravity' of the planets (even when taken coUectiv 
'" ti so trifling comparedwilh that of the aun, thatth^ 
use the latter to move so much as one half « 
diameter. The planets do not, therefore, revoln 
id the centre of the sun, hut round a point at I 
^mall distance fron its centre, about which the sun »1» 
revolves. 

KmUy. I thought the sun had no motion 
Mrs. B. You were mistaken ; for besides that whicb 
I have just mentioned, which is indeed very inconside^ 
rable, he revolves on his axis ; this motion is ascertsia- 
ed by observing ccrLtin spots which disappear, and 
appear regularly at stated times. 

Caroline. A planet has frequently been pointed oill 
to me in the heavens ; but I could not perceive thatio 
motion differed from that of the fixed stars, which only 
appear to mo^ e. 

Mrs, B. The great distance of the planets rendeil 
their motion apparendy so slow, that the eye is not Ben- 
aible of their progress in their orbit, unless 
them for some considerable length of time : in differe^ 
they appear in difTerent parts of the hearem 
I'he most accurate idea I can give you of the sttuadoD 
motion of the planets, will be by the examinali<» 
lis diagram, (plate VJI. fig. 1.) representing the i 
«yEtem, in which you will find every planet with 
orbit delineated. 

Emily. But the orbits here are all circular, and foul 
.said that thev were elliptical. The planets appear lOi 
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to be moving i-oimd the centre of the sun ; whilst you 
told us that they moved round a point at a little dis- 
tance from thence* 

J^IrSm B. The orbits of the planets are so nearly cir- 
cular, and the common centre of gravity of the solar 
system so near the centre of the sun, ihat these devia- 
tions are scarcely worth observing, llie dimensions of 
die planets, in their true proportions, you will find de- 
lineated in fi^. 2* 

Mercury is the planet nearest the sun ; his orbit is 
consequently contained within ours ; but his vicinity to 
the sun, occasions his being nearly lost in the brilli- 
ancy of his rays ; and when we see the sun, he is so 
dazzling, that very accurate observations cannot be 
made upon Mercury. He performs his revolution round 
Ae sun in about 87 days, which is consequendy the 
length of his year. The time of his rotation on his 
axis is not known ; his distance from the sun is comput- 
ed to* be 37 millions of miles, and his diameter 3180 
.miles. The heat of this planet is so great, that water 
cannot exist there, but in a state of vapour, and metals 
|t would be liquified. 

Caroline* Oh, what a dreadiul climate ! 

Mrs. B. Though we could not live there, it may be 
perfectly adapted to other things destined to inhabit it. 

Venus, the next in the order of planets, is 68 milli- 
ons of miles from the sun : she revolves about her axis 
in 23 hours and 21 minutes, and goes round the sun in 
344 days 17 hours. The orbit of Venus is also with- 
in ours ; during one half of her course in it, we see her 
before sun-rise, and she is called the morning star ; in 
die other part of her orbit, she rises later than the sun. 

Caroline* In that case, we cannot see her, for she 
must rise in the day time ? 

Mrs* B. True ; but when she rises later than the 

sun, she also sets later ; so that we perceive her ap- 

I proaching the horizon after sun-set : she is then called 

Hesperus, or the evening star. Do you recollect those 

beautiful lines of Milton : 
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Had ill liet sober livery all tilings clad; 
Silence sccumpuiiied ; far beiiat and bird> 
They to tlieir grassy couch, these to their neals 
Were slunk, all but the wakeful ni^tingale: 
She all night long her amorous descant sungi 
Silence was pleas'd; now glow'd the firmament 
With living iBphirs: Hesperus, that led 
The starry host, rode brightest, till the moon 
Rising in clouded tnajesCy, at length 
Apparent queen unveil'd her peerless light. 
And o'er the dark her nlver mantle threw. 

The planet next to Venus is the Earth, of which we 
shall soon speak at-full length. At present I shall onl^ 
observe, that we are 95 millions of miles distant ^st 
riie sun, that we perform our annual revolution in 365 
days 5 hours and 49 minutes ; and are attended in ( 
course by a single moon. 

Next follows Mars. He can never come between lU 
and the sun, like Mercury and Venus ; his motion is, 
however, very perceptible, as he may be traced to dif- 
ferent situations in the heavens ; his distance from th^ 
sun is 144 millions of miles ; he turns round his axis ir 
24 hours and 39 minutes ; and he performs his a 
revolution, in about 687 of our days: his diameter i 
4130miles. Then follow four very small planets, Juni 
'Ceres, Pallas, and Vesta, which have been recently dis% 
covered, but whose dimensions and distances from the 
sun have not been very accurately ascertained. 

Jupiter is next in order : this ia the largest of all the 
planets. Heisabout 490 millions of mites from thest 
and completes hia annual period in nearly 12 of c 
years. He turns round hia axis in about ten hours, Hf 
IS above 1200 times as big as our earth ; his diametel 
being 86,000 miles. The respective proportions of thi, 
planets cannot, therefore, you see, be conveniently deli- 
neated in a diagram. He is attended by four moons. 

The next planet is Saturn, whose distance from the 
sun. is about 900 millions of miles ; his diurnal rotatirai 
is performed in 10 hours and a quarter : — his annual n 
volution in nearly SO of our years. His diamete 
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'9,000iniles. This planet is surrounded by a luminous 
■ing, Ihe oature of which, aslronomera are much at a 
lo conjecturt; : he has seven moona. Lastly, we ob- 
e the Georgium Sidus, discpvered by Dr. Herschd, 
Old which is attended by six moons. 
Caroline^ How charming it must be in the distant 
tnets, to see several moons shining at the same time ; 
think I should like to be an inhabitant of Jupiter or 
"alum. 

JUrt. It. Not long, I believe. Consider what ex- 
lemc cold must prevail in a planet, situated as Saturn 
^flt nearly ten times the distance at which we are from 
»un. Then his numerous moons are far from ma- 
T so splendid an appearance as ours ; for they can 
_jflect only the light which they receive from the sun ; 
KRi both light and heat decrease in the same ratio or 
ffoponion to the distances as gravity. Can you tell me 
low how much more light we enjoy than Saturn ? 
Caroline. The square of ten, is a hundred ; there- 
, Saturn has a hundred times less — or to answer 
our question exactly, we have an hundred times more 
■ ,t and heat than Saturn — this certainly does not in- 
e my wish to become one of the poor wretches who 
ohabit that planet. 

^rg. B. May not the inhabitants of Mercury, with 
1 plausibility, pity us, for the insupportable cold- 
ess of our situation ; and those of j upiter and Saturn 
IT our intolerable heat ? The Almighty Power which 
Teated these planets, and placed them in their several 
tbita, has no doubt peopled them with beings whose 
jdies are adapted to the various temperatures and ele- 
ents in which they are situated. If we judge from 
e analogy of our own earth, or from thai of the great 
id universal beneficence of Providence, we must con- 
!ude this to be the case, 
Caroline. Are not comets also supposed to be pla- 

jMrs, B. Yes, they are ; for bj' the re-appearance of 
^em, at slated times, they are knowTWi ^«.v 
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volve round the sun, but in orbits so extremely eecea- 
iric, that they disappear for a great number of years. If 
they are inhabited, it must be by a species of beings 
very different, not only from the inhabitants of this, but 
from those of 3ny of the other planets, as they must ex- 
perience the greatest vicissitudes of heat and coldj one 
part of their orbit being so near tlie sun, that their heat, 
when there, is computed to be greater than that of red- 
hot iron i in this part of its orbit, the comet emits a lu- 
minous vapour, called the tail, which it gradually loses 
as it recedes from the sun ; and the comet itself totally 
disappears from our sight, in the more distant parts of 
its orbit, which extends considerably beyond that of the 
furthest planet. 

The number of comets belonging to our system, can- 
not be ascertained, as some of ttiem are whole centm-ies 
before they make their re -appearance. The number 
that are known by their regular re-appearance is onljr 
three. 

Emily. Pray, Mrs. B. what are the constellations 
Mrs. B, They are the fixed stars, which the ai 
cients, in order to recognise them, formed into grovipo, 
and gave the names of the figures, which you find deli^ 
ueated on the celestial globe. In order to show their 
proper situations in the heavens, they should be paisted 
on the internal surface of a hollow sphere, from the cen- 
tre of which you should view them ; you would then 
behold them, as they appear to be situated in the hea- 
vens. The twelve constellations, called the signs of 
the zodiac, are those which are so situated, that thg 
earth in its annual revolution passes directly between 
ihemand the sun. Their names are Aries, Taurus, Ge- 
mini, Cancer, Leo, Virgo, Libra, Scorpio, SagittariuSj 
Capricomua, Aquarius, Pisces; the whole occupying 4 
complete circle, or broad belt, in the heavens, called tM 
zodiac, (plate VIIL fig. 1.) Hence, a right line drawil 
from the earth, and passing through the sun, vVouU 
reach one of these constellations, and the sun is saidl to' 
be in that constellation at which tlie line terminat*!!: 
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hus, when the earth is at A, the sun would appear to 
>e in the constellation or sign Aries ; when me earth 
s at B, the sun would appear in Cancer ; when the earth 
^as at C, the sun would be in Libra ; and when the 
'arth was at D, the sun would be in Capricorn. This 
ircle, in which the sun thus appears to move, and 
^hich passes through the middle of the zodiac, is call- 
id the ecliptic. 

Caroline. But many of the stars in these constella- 
ions appear beyond the zodiac. 

Mrs* B. We have no means of ascertaining the dis- 
ance of the fixed stars. When, therefore, they are said 
X) be in the zodiac, it is merely implied, that they are 
dtuated in that direction, and that they shine upon us 
through that portion of the heavens, wnich we call the 
zodiac. 

Emily. But are not those large bright stars, which 
are called stars of the first magnitude, nearer to us, than 
those small ones which we can scarcely discern ? 

Mrs* B* It may be so ; or the difference of size and 
brilliancy of the stars may proceed from their di£Perence 
of dimensions ; this is a point which astronomers are 
not enabled to determine. Considering them as suns, 
I see no reason why different suns should not Vary in 
dimensions, as well as the planets belonging to them. 

Emily. What a wonderful and beautiful system 
this is, and how astonishing to think that every fixed 
star may probably be attended by a similar train of 
planets ! 

Caroline. You will accuse me of being very incredu- 
lous, but I cannot help still entertaining some doubts, 
and fearing that there is more beauty than truth in this 
•ystem. It certainly may be so ; but there does not ap- 
pear to me to be sufficient evidence to prove it. It seems 
80 plain and obvious that the earth is motionless, and 
! that the sun and stars revolve round it ; — your solar sys- 
tem, you must allow, is directly in opposition to the evi- 
i dence of our senses. - 

Jtfr«. B. Our senses so often mislead us, that we 
Should not place implicit reliance upon them. 
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Caroline. On what then can we rely, for do we nsl 
receive all our ideas through the medium of our 

^r*. B. It is true that they are our primary source 
of knowledge ; but the mind has the power of reflecting, 
judging, and deciding upon the ideas received by the 
organs of sense. This faculty, which we call reason, 
has frequently proved to U3, that our senses are B- 
able to err. If you have ever sailed on the water, 
with a %'ery steady breeze, you must have seen the 
houses, trees, and every object move, while you were 
auUng. 

Caroline. I remember thinking so, when I was very 
yoimg ; but I now know that their motion is only appSr 
rent. It is true that my reason, in this case, correct* 
the eiTor of my sight. 

^rs. B. It teaches you, that the apparent motion of 
the objects on shore, proceeds from your being yourself 
moving, and that you are not sensible of your own mo- 
tion, because you meet with no resistance. It is only 
when some obstacle impedes our motion, that we 
conscious of moving; and if you were to close your eyet 
when you were sailing on calm water, ivith a steady 
wind, you would not perceive that you moved, foryflU 
could not feel it, and you could see it only by obscrTi 
ing the change of place of the objects on shore. So it 
is with the motion of the earth : every thing on its sur- 
face, and the air that surroimds it, accompanies it in il8 
revolution; it meets with no resistance: therefore, liJa 
ihe crew of a vessel sailing with a fair wind, in a cftlm 
sea, we are insensible of our motion. 

Caroline. But the principal reason why the crewof 
a vessel in a calm sea do not perceive their motjon, i<f 
because they move exceedingly slow, while the eartb, 
you say, revolves with great velocity, 

Jitrs. B, It is not because they move slowly, buttM' 
cause they move steadily, and meet with no irregulw 
Teaistances, that the crew of a vessel do not perceive 
their mouon ; for they would be equally insensible to i*. 
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.._ Ae Strongest wind, provided it were steady, that 
hey sailed with it, and diat it did not agitate the water ; 
lut this last condition, you know, is not possible, for the 
wind will always produce waves which offer more or 
less resistance to the vessel, and then the motion be- 
^mes sensilile, because it is unequal. 

Caroline. But, granting this, the crew of a Vessel 
lave a proof of their motion, though insensible, which 
he inhabitants of the earth cannot have, — the apparent 
lOtion of the objects on shore. 

Jfra. S. Have we not a similar proof of the earth's 
lOtion, in the apparent motion of the sun and stars f 
magine the earth to be sailing round its axis, and suc- 
issively passing by every star, which, like the objects 
D land, we suppose to be moving instead of ourselves. 
have heard it observed by an aerial traveller in a bal- 
on, that the earth appears to sink beneath the balloon, 
pstead of the balloon rising above the earth. 

It is a law which we discover throughout nature, and 
TOrthy of its great Author, that all its purposes are ac- 
Ompli^hed by the most simple means ; and what rea- 
pn nave we to suppose this law infringed, in order that 
re may remain at rest, while the sun and stars move 
jund us ; their regular motions, which are explained by 
IB laws of attraction on the first supposition, ivould be 
Itmttelligible on the last, and the order and harmony of 
: universe be destroyed. Think what an immense cir- 
it the sun and stars would make daily, were their ap- 
rent motions real. We know many of them to he bo- 
;s more considerable than our earth; for our eyes 
ainly endeavour to persuade us, that they are little bril- 
nts sparkling in the heavens, while science teaches us 
at they are immense spheres, whose apparent dim en- 
ms are diminished by ilistance. Why then should 
ese enormous globes daily traverse such a prodigious 
ace, merely to prevent the necessity of our earth's re- 
iving on its axis ? 
_ Caroline. I think I must now be convinced. But 
pou will, I hope, allow me a litde time to familiarise 
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injself to an idea so different from that which I have 
been accustomed to entertain. And pray, at what rate 
do we move ? - 

Jtrs. B. The motion produced by the revolution of . 
the earth on its axis, is about eleven miles a minute, to 
an inhabitant of London. 

Emily. But does not every part of the earth move, , 
with the same velocity ? ^ 

Mrs. B. A moment's reflection would convince you ■ 
of the contrary: a person at the equator must move ^ 
quicker than one situated near the poles, since theybotli 
perform a revolution in 24 hours. 

Emilj/. True, the equator is farthest from the set 
of motion. But in the earth's revolution round the SUOj 
every part must move with equal velocity ! 

Mrs. B. Yea, about a thousand miles a minute. 

Carolitie, How astonishing ! — and that it should be 
possible for us to be insensible of such a rapid moDOiU 
You would not tell me this sooner, Mrs. B., for fearot 
increasing my incredulity. 

Before the time of Newton, was not the earth suppoS* 
ed to be in the centre of the system, and the sun, mooot 
and stars to revolve round it ? 

Jtlrg. B. This was the system of Ptolemy in anciei 
times ; but as long ago as the beginning of the sixteed) 
century it was discarded, and the solar system, such S 
I have shown )'ou, was established by the celebrate) 
astronomer Copernicus, and is hence called the Cop^ 
nican system. But the theory of gravitation, the soUTS 
from which this beautiful and harmonious arrangemed 
flows, we owe to the powerful genius of Newton, whot 
lived at a much later period. 

Emily. It appears, indeed, far less difficult to trsw 
by observation the motion of the planets, than to divine, 
by what power they are impelled and guided. I won- 
der how the idea of gravitation could first have occur* 
Sir Isaac Newton ? 
. if. It is 5!dd to have been occasioned by a cir- 
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umstance from which one should little have expected 
o mcc^ a theory to have arisen. 

iJuring the prevalence of the plague in the year 1665, 
•Newton retired into the country to avoid the contagion : 
vhen sitting one day in his orchard, he observed an ap- 
)le fall from a tree, and was led to consider what could 
ic the cause which brought it to the ground. 

Caroline. If I dared to confess it, Mrs. B., I should 
Bay that such an enquiry indicated rather a deficiency 
ihan a superiority of intellect. I do not understand 
]low any one can wonder at what is so natural and so 
common. 

Mrs* B. , It is the mark of superior genius to find 
Joatter for wonder, observation, and research, in cir* 
cuiQstances which, to the ordinary mind, appear trivial, 
because they are common, and with which they are sa- 
tisfied, because they are natural, without reflecting that 
nature is our grand field of observation, that within it is 
JcoQtained our whole store of knowledge; in a word, 
that to study the works of nature, is to learn to appre- 
ciate and admire the wisdom of God. Thus, it was the 
umple circumstance of the fall of an apple, which led 
to the discovery of the laws upon which the Copemican 
qrstem is founded ; and whatever credit this system 
3ttd obtained before, it now rests upon a basis from 
fifliich it cannot be shaken. 

Emih/. This was a most fortunate apple, and more 
'worthy to be commemorated than all those that have 
been sung by the poets. The apple of discord for which 
Ae fijoddesses contended ; the golden apples b^ which 
Ata£ttita won the race ; nay, even the apple which Wil- 
Bam Tell shot from the head of his son, cannot be com- 
potd to this ! 
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Ai the cirA' U the jflmet in wUch wc tee Ae rnnt 
paitiGuliirly interetted, it is 107 intention this mmninK 
to explain to you the effects resulting from its anntud 
and diurnal motions ; but for this puiposo it will be ne- 
cessary to make you acquainted with the terrestrial 
globe : you have not either of you, I conclude, leant thc; 
use of the globes? 

CaroKnt. No; I once indeed learnt by heart the: 
names of the lines marked on the globe, but as I was 
informed they were only ima^nary divisions, they did' 
not appear to me worthy of much attention, and were 
soon forgotten. 

Jlfrs. a. You suppoee, then, that aatronomers had 
been at the trouble of inventing a number of lines to lit- 
tle purpose. It will be impossible for me to explain to 
you the particular effects of the earth's motion, without 
your having acquired a knowledge of these lines : in 
plate VIII. fig. 2. you will find' them all delineated: 
and you must learn them perfecdy if you wish to make 
any proficiency in nstroDomy. • 
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Caroline* I was taught them at so earlv an age that 
could not understand their meaning ; and I have often 
:ard you say that the only use of words was to convey 
eas. 

Mrs. B. The names of these lines would have con- 
iyed ideas of the figures they were designed to ex- 
:ess, though the use of these figures might at that time 
ivt been too difficult for you to understand. Child- 
ood is the season when impressions on the memory are 
lost strongly and most easily made : it is the period 
t which a large stock of ideas should be treasured up, 
le application of which we may learn when the under- 
tanding is more developed. It is, I think, a very mis- 
iken notion that children should be taught such things 
%, as they can perfectly understand. Had yoii been 
arly made acquainted with the terms which relate to 
gure and motion, how much it would have facilitated 
our progress in natural philosophy. I have been obli- 
ed to confine myself to the most common and femiliar 
xpressions, in explaining the laws of nature, though X 
m convinced that appropriate and scientific terms would 
ave conveyed more precise and accurate ideas ; but I 
'as afraid of not being understood. 

Emily. You may depend upon our learning the 
ames of these lines thoroughly, Mrs. B. ; but before 
'e commit them to memory, will you have the good- 
ess to explain them to us ? 

Mrs. B. Most willingly. This globe, or sphere, re- 
resents the earth ; the line which passes through its 
entre, and on which it turns, is called its axis, and the 
«^o extremities of the axis A and B, are the poles, distin- 
uished by the names of thie north and the south pole. The 
ircle C D, which divides the globe into two equal parts 
etween the poles, is called the equator, or equinoctial 
He ; that part of the globe to the north of the equator 
• the northern hemisphere ; that part to the south of 
^e equator, the southern hemisphere. The small cir- 
k E F, which surrounds the north pole, is called the 
ixtic circle ; that G H, which surrounds the south pole, 

K2 ^ • 
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antarctic circle. There are two immediate ciK^^^H 
tween the polar circles and the equator ; thafflJH 
north, 1 K, called the tropic of Cancer ; that toTSE"! 
south, L M, called the tropic of Capricorn. Lastly, this I 
circle, L K, which divides the globe into two equal I 
parts, crossing the equator and extending northward ai I 
far as the tropic of Cancer, and southward as far as the I 
tropic of Capricorn, is called the ecliptic. The delinea- 1 
tion of the ecliptic on the terrestrial globe is not withoul J 
danger of conveying false ideas ; for the ecliptic (aa 11 
have before said) is an imaginary circle in the beave» M 
passing through the middle of the zodiac, and situain^ 
in the plane of the earth's orbit. fl 

Caroline. I do not understand the meaning o^ tid 
plane of the earth's orbit. .fl 

Mrs, B. A plane, or plain, is an even level saiftriw 
Let us suppose a smooth thin solid plane cutting themn I 
through the centre, extending out as far as the fixed I 
stars, and terminating in a circle which passes through I 
the middle of the zodiac ; in this plane the earth wodd I 
move in its revolution round the sun ; it is therefoit I 
called the plane of the earth's orbit, and the circle is I 
which this plane cuts the signs of the zodiac is the edip- I 
tic. Let the fig, 1. plate IX. represent such a plane, S 
the sun, E the earth with its orbit, and A B C D i 
ecliptic passing through the middle of the zodiac. 

Efiiili}. If die ecliptic relates only to the heaven)] 
why is it described upon the terrestrial globe ? 

Mrs. B, It is convenient for the demonstration of * 
variety of problems in the use of the globes ; and b 
aides, the obliquity of this circle to the equator is re 
dered more conspicuous by its being described on lb*' 
same globe ; and the obliquity of the ecliptic shows ^ 
inclination of the eath's axis to the plane of its orbit 
But to return to fig. 2. plate VIII. 

The spaces between the several parallel circles 
the terrestrial globe are called zones : that which I* 
comprehended between the tropics is distinguished bY: 
tie name of the torrid zone j the spaces which extcni 
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rom the tropics to the polar circles, the north and 
tOuth temperate zones ; and the spaces contained with- 
a the polar circles, the frigid zones. 

The several lines which, you observe, are drawn 
rom one pole to the other, cutting the equator at right 
ingles, are called meridians. When any one of these 
tneridians is exactly opposite to the sun it is mid-day. 
Or twelve o'clock in the day, with all the places siluat-* 
Fed on that meridian ; and, with the places situated on 

the opposite meridian, it is consequently midnight. 
L Emily. To places situated equally distant from these 
^Cwo meridians, it must then be six o'clock i 

Mrs. B. Yes ; if they are to the east of the sun's 
Meridian it is six o'clock in the afternoon, because the 
I will have previously passed over them ; if to the 
^est, it is six o'clock in the morning, and the sun will 
e proceeding towards that meridian. 

Those circles whith divide the globe into two equal 
jtarts, such as the equator and the ecliptic, are called 
greater circles i to distinguish them from those which 
divide it into two unequal parts, as the tropics and pa- 
ir circles, which are called lesser circles. All circles 
: divided into 360 equal parts, called degrees, and 
grees into 60 equal parts, called minutes. The dia- 
|ineter of a circle is a right line drawn across it, and 
sing through the centre ; for instance, the boundary 
' 1 sphere is a circle, and its axis the diameter of 
rcle i the diameter is equal to a little less than 
^d of the circumference. Can you tell me near- 
r many degrees it contains ? 
Caroline. It must be something less than one-third 
if 3S0 degrees, or nearly 120 degrees. 

Mrs. B. Right; now Emily you may tell me exact- 
y how many degrees are cohtained in a meridian ? 
Smily. A meridian, reaching from one pole to the 
[ether, is half a circle, and must therefore contain 180 
legrces. 
Mrs. B. Very well ; and what number of degrees 
« there from the equator to the poles ? 
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Caroline. The equator being equally distant from 
either pole, that distance must be half of a meridiw, 
or it quarter of a circumference of a circle, and cott- 
tain 90 degrees. 

JSrs. B. Besides the usual division of circles into 
degrees, the ecliptic is divided into twelve equal partSf, 
called signs, which bear the name of the constellations 
through which this circle passes in the heavens. Thv 
degrees measured on the meridians from north to 
south, or south to north, are called degrees of latitude;, 
tboBC measured from east to west on the equator, the. 
ecliptic or any of the lesser circles, are called de« 
grees of longitude ; hence these circles bear the nann 
of longitudinal circles ; they are also called paralleWc 
latitude. ] 

£mily. The degrees of longitude must then varyil 
length according to the dimensions of the circle oi 
which they are reckoned ; those for instance, at the po- 
lar circles will be considerably smaller than those at 
the equator i 

Mr». B. Certainly ; since the degrees of circles of 
different dimensions do not vary in number, they most 
necessarily vary in length. The degrees of laUtude, 
you may observe, never vary in length j for the c 
dians on wlitcti^h^ are reckoned are all of the ( 
dimensions. ^''■•^,_^ 

Emily. And of what IcSfiiJl '* a degree of lat!tudej| 

Jtfrs. B. Sixty geographicaiSB^^^' ^^^^'^ '^ equal M 
69J English statute miles. ^\_ 

EviUy. The degrees of longitu.lTtJ ^^^ ^1"**' 
must then be of the same dimenaionM ; ^ 

Mrs. B. They would, were the lin 
Sphere ; but its form is not exactly hijI 

somewhat protuberant about the cquat.ir 

ed towards the poles. This form is suppose A,"* P"*^ 
ceed from the superior action of the centrifugal 
at the equator. 

Caroline. I thought I had understood the cenl 
gal force perfectly, but I do not comprehend 
m this instance. 
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Mrs* B. You know that the revolution of the earth 
on its axis must give every particle a tendency to fly 
•ff from the centre, that this tendency is stronger or 
weaker in proportion to the velocity with which the 
particle moves ; now a particle situated near one of the 
]>olar circles makes one rotation in the same space of 
time as a particle at the equator ; the latter, therefore, 
having a much larger circle to describe, travels pro- 
portionally faster, consequently the centrifugal force is 
much stronger at the equator dian at the pobr circles : 
it gradually decreases as you leave the equator and ap- 
proach the poles, where, as there is no rotatory motion. 
It entirely ceases. Supposing, ^erefore, the earth to 
have been originally in a fluid state, the particles in the 
torrid zone would recede much farther from the centre 
4ian those in the frigid zones ; thus the polar regions 
would become flattened, and those about the equator 
devated. 

Caroline^ I did not consider that the particles in the 
neighbourhood of the equator move with greater velo- 
city than those about the poles ; this was the reason I 
could not understand you. 

Mrs. B. You must be careful to remember, that 
those parts of a body which are farthest from the cen- 
tre of motion must move with the greatest velocity : 
the axis of the earth is the centre of its diurnal motion, 
md the equatorial regions the parts most distant from 
:he axis. 

Caroline. My head then moves faster than my feet ; 
md upon the summit of a mountain we are carried 
round quicker than in a valley ? 

Mrs. B. Certainly, your head is more distant from 
the centre of motion, than your feet ; the mountain-top 
than the valley ; and the more distant any part of a bo- 
dy is from the centre of motion, the larger is the circle 
it will describe, and the greater therefore must be its 
velocity, 

EmUy. I have been reflecting, that if the earth is 
not a perfect circle, 
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Mts, B. a sphere you mean, my dear : a circle Is a 
rouud line, every part of which is equally distant frum 
the centre ; a sphere or globe is a round body, the suir- 
facc of which is every where equally distant from the 
centre. 

EmUij. If, then, the earth is not a perfect sphere, but 
prominent at the equator, and depressed at the polea, 
would not a body weigh heavier at the equator than at 
the poles f For the earth being thicker at the equator, 
the attraction of gravity perpendicularly downwards 
must be stronger. 

■Mrs. B. Your reasoning has some plausibility, but 
I am Bony to be obliged to add, that it is quite errone- 
ous i for the nearer any part of the surface of a body is 
to the centre of attraction, the more strongly it is at^ 
tracted ; because the moat considirable quantity of mat- 
ter is about that centre. In regard to its effects, you 
might consider the power of gravity, as that of a n 
net placed at the centre of attraction. 

Emily. But were you to penetrate deep into the 
earth, would gravity increase as you approached the 

Mrs. B. Certainly not ; I am referring only to any 
situation on the surface of the earth. Were you to pe- 
netrate into the interior, the attraction of the parts abewe 
you would counteract that of the parts beneath you, and 
consequently diminish the power of gravity in pro- 
portion as you approach the centre ; and if you reach- 
ed that point, being equally attracted by the parts all 
around you, gravity would cease, and you would be 
without weight. 

Emily, Bodies then should weigh less at the equa- 
tor than at the poles, since they are more distant from 
the centre of gravity in the former than in the latter 
situation ? 

Mrs. B. And this is really the case ; but the diflPer- 
ence of weight would be scarcely sensible, were it not 
augmented by another circumstance. 

Caroline. And what is this singular circumstance, 
which seems to disturb the laws of nature ? ^ 
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Mrs. B. One that you are well acauainted with, as 
conducing more to the preservation tnan the destruc- 
tion of order, — ^tne centrifugal force. This we have 
just observed to be stronger at the equator ; and as it 
tends to drive bodies from the centre, it is necessarily 
opposed to, and must lessen the power of gravity, whicn 
attracts them towards the centre. We accordingly find 
that bodies weigh lightest at the equator, where tne cen- 
trifugal force is greatest; and heaviest at the poles, 
where this power is least. 

Caroline. Has the experiment been made in these 
different situations ? 

MrSm B. Lewis XIV., of France, sent philosophers 
both to the equator and to Lapland for this purpose : 
the severity of the climate, and obstruction of the ice, 
has hitherto rendered every attempt to reach the pole 
abortive ; but the difference of gravity at the equator 
and in Lapland is very perceptible. 

Caroline. Yet I do not comprehend, how the differ- 
ence of weight could be ascertained ; for if the body 
under trial decreased in weight, the weight which was 
/>pposed to it in the opposite scale must have diminish- 
ed in the same proportion. For instance, if a pound of 
sugar did not weigh so heavy at the equator as at the 
pples,the leaden pound which served to weigh it, would 
not be so heavy either ; therefore they would still bal- 
ance each other, and the different force of gravity could 
not be ascertained by this means. 

Mrs. B. Your observation is perfecdy just : the dif# 
ference of gravity of bodies situated at tiie poles and at 
the equator cannot be ascertained by weighing them^; 
a pendulum was therefore used for that purpose. 

Caroline. What, the pendulum of a clock ? how 
could that answer the purpose ? 

Mrs. B. A pendulum consists of a line, or rod, to 
erne end of which a weight is attached, and it is suspend- 
ed by the other to a fixed point, about which it is made 
to vibrate. Without being put in motion, a pendnlumj 
Uke a fdumb line, hangs pependicular to the genet?! 

I 
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Kuriace of the earth, by which it is attracted ; but, ij 
jou r^c a pendulum, gravitj' will bring it back ta ita 
perpendicular position. It will, however, not 'remaiq 
stationaT)' there, for the velocity it has received durii^ 
its descent will impel it onwards, and it will rise on thQ 
opposite side to an equal height ; from thence it i> 
brought back by graviij-, and again driven by the im- 
pulse of its velocity. 

Caroline. If so, the motion of a pendulum would be 
perpetual, and I thought you said, that there w: 
perpetual motion on the earth. 

JUrs. B. The motion of a pendulum is opposed \lj 
the resistance of the air in which it vibrates, and Vj 
the friction of the part by which it is suspended : wen 
it possible to remove these obstacles, the motion of a 
pendulum would be perpetual, and ita vibrations pe^ 
fecdy regular ; being of equal distances, and perform- 
ed in equal times, 

■Emily. That is the natural result of the utuformi^ 
of the power which produces these vibrations, for m 
force of gravitj' being always the same, the velocity of 
the pendulum must consequendy be uniform, 

Caroline. No, Emily, you are mistaken ; the caus* 
is not always uniform, and therefore the effect will not 
be so either. I have discovered it, Mrs. B. j since 
the force of gravity is leas at the equator than at titf 
poles, the vibrations of the pendulum will be slower tl 
the equator than at the poles. 

Mrs. B. You are perfectly right, Caroline ; it was 
by this means that the difference of gravity was diKOj 
vered, and the true figure of the earth ascertained. 

Emily. But how do they contrive to regulate iheil 
time in the equatorial and polar regions ? for, since in 
this part of the earth the pendulum of a clock vibrates 
exactly once in a second, if it vibrates faster at the poles 
and slower at the equator, the inhabitants must regulate 
their clocks in a different manner from ours. 

.Wi-g. B, The only alteration required is to lengthen 
the pendulum in one case, and to shorten it in the other; 
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for ihe velocity of the vibrations of ■pendulum depends 
on Its length -, und when it is said, that a pendulum vi> 
brutes tiuicker at the pole than at the tqiiator, ll is sup- 
poaing It to be of the same length. A pendulum which 
^^Hbrates a second in this latitude is 36^ inches lon^. 
a order to vibrate at the equator In the aame space of 
me, it must be lengthened by the addition of a few 
Sues ; and at the poles, it must be proportionally ahor- 
tatA. 

I shall now, I think, be able to explain to vou the va- 
riation of the seasons, and the difference o( the length 
if the days and nights in ttiosc neasoRB ; both effects 
Resulting from the same cause. 
In moving round the sun, the axis of the earth is not 
pcndicular to the plane of its orbit. Supposing this 
md table to represent the plane of the earth's ortiit, 
md this little globe, which has a wire passing through , 
t, representing the axis and poles, we shall call the 
lartfa ; in moving round the table, the wire is not per- 
wndicular to it, but oblique. 

Bmtlv. Yes, I understand the earth does not go 
roond the sun in an upright position, its axis is slanting 
tt oblique. 

Mrs. B. All the lines, which you learnt in your last 
esGon, are delineated on this little globe ; you must con- 
sider the ecliptic as representing the plane of the earth's 
orbit ; and the equator, which crosses the ecliptic in 
two places, shows the degree of obliquity of the axis 
1 of the earth in tliat orbit, which is exacdy 33} degrees, 
tThe points in which the ecliptic intersects the equator 
K caHed nodes. 
But I believe I shall make this clearer to vou by rc- 
f solving the little globe round a candle, whicn shw re- 
present the sun. (Plate IX. fig. 2.) 

As I now hold it, at A, you see it in the situation in 
which it is in the midst of summer, or what is called 
tile summer solstice, which is on the 2!st of June. 

Emily. You hold the wire awry, 1 suppose, in order 
to shew that the axis of the earth is not upright " 
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JUrs. B. Yes ; in summer, the north pole is indiu* 
cd towards iKe sun. In this season, therefore, the nof 
them hemisphere enjoys much more of his rays th^n 
the Bouihtrn. The sun, you see, now shines over the 
whole of the north frigid zone, and notwithstanding iho 
earth's diurnal revolution, which I imitate by twirling 
the ball on the wire, it will continue to shine upon it as 
long as it remains in this situation, whilst the sou& 
frigid zone is at the same time completely in obscurt^. 

Caroline. That is very strange j I never before heard 
that there was constant day or night in any part of the 
world ! How much happier the inhabitants of the north 
frigid zone must be than those of the southern ; the 
first enjoy iminterrupted day, while the last are involv- 
ed in perpetual darkness. 

•Vra. B. You judge with too much precipitation; 
examine a little further, and you wilt find, that the two 
frigid zones share an equal fate. 

We shall now make the earth set off from its posi- 
tion in the summer solstice, and carrj' it round the aurtji' 
observe that the pole is always inclined in the same di* 
rection, and points to the same spot in the heavens. 

[There is a fixed star situated near that spot, which is 
hence called the North Polar star. Now let us stop 
the earth at B, and examine it in its present situation j 
it has gone through one quarter of its orbit, and is ar- 
rived at that point at which the ecliptic cuts or crosses 
the equator, and which is called the autumnal equinox. 
Emily. " That is then one of the nodes. 
The sun now shines from one pole to the other, just 
as it would constantly do, if the axis of the earth were 
perpendicular to its orbit. 

Jfrs. B. Because the inclination of the axis is now 
neither towards 'the sun nor in the contrary direction i 
at this period of the year, therefore, the days and nights 
are equal in every part of the earth. But the next step 
she takes in her orbit, you see, involves the north pole 
in darkness, whilst it illumines that of the south; this 
change was gradually preparing as I moved the earA 



froM summer to autumn ; the arctic circk, which was 
at first entirely illumined, begHti to have short nights, 
Tfhich increased as the earth approached the autumnal 
equinox i and the instant it passed that point, the long 
flight of die north pole commences, and the south pole 
|>egins to enjoy the light of the sun. We shall now 
^ake the earth proceed in its orbit, and you may ob> 
■iTTTe that as it advances, the days shorten, and the 
ynghts lengthen, throughout the northern hemisphere, 
i&ntil it arrives at the winter solstice, Qnlhe21st_of De- 
cember, when the north frigid zone is entirely in darlc- 
aiess, and the southern lias uninterrupted day-light. 
, Caroline. Then after all, the sun which I thought so 
■partial, confers his favours equally on all. 
' Jfra. B. Not so neither : the inhabitants of the tor- 
*rid lone have much more heat than we have, as the sun's 
^ys fall perpendicularly on them, while they shine ob- 
^qtiely on the rest of the world, and almost horizontally 
OS the poles ; for during their long day of six months, 
iflie sun moves round thuir horizon without either rising 
JW selling ; the only observable difference, is that it 
Ib more elevated by a few degrees at mid-day, than ai 
biid-night 

I EmiliJ. To a person placed in the temperate zone, 
ib the situation in which wt are in England, the sun 
yill shine neither so obliquely as it does on the poles, 
ftor so vertically as at the equator ; but its ra)'S will fall 
Bpon hijn more obliquely in autumn and winter, than in 
summer. 

Car(dine. And therefore, the inhabitants of the tem- 
|)erate zones, will not have merely one day and one night 
in the year as happens at the poles, nor will they have 
L^qual days and equal nights as at the equator; but 
meir days and nights will vary in length, at different 
times of the year, according as their respective poles 
incline towards or from the sun, and the difference will 
ic greater in proportion to their distance from the 
equator. 

Jtfrs. B. We shall now follow the earth ihrougl^jj 
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oiher half of her orbit, and you will observe, .^_ 
exactly the same eifect takes place in the southern 
misphere, as what we have just remarked in the nor* 



thern. Day commencts at the south pole when night 
sets in at the north pole j and in every other part of ths 
southern hemisphere the days arc longer than the nights, 
d'hile, on the contrary, our nights are longer than our 
daj-s. When the earth arrives at the vernal equinox, 
D, where the ecliptic again cuts the equator, on the 2Slh 
of March, she is situated, with respect to the sun, ex- 
actly in the same poaiuon, as in the autumnal equinox; 
and the only difference with respect to the earth, is, that 
it is now autumn in the southern hemisphere, whilst it 
is spring with us. 

Caroltne. Then the days and nights are again ero^ 
where equal ? 

Mrs. B. Yea, for the half of the globe which is en- 
lightened, extends exactly from one pole to the otheri 
die sun rises to the north pole, and the sun sets to the 
south pole ; but in every other part of the globe, iht 
day and night is of twelve hours length, hence the word 
>:quinax, which is derived from the Latin, meaning 
equal night. 

As the earth proceeds towards summer, the days 
lengthen in the northern hemisphere, and shorten P 
the soiitliem, till the earth reaches the summer sohlice, 
when the north frigid sone is entirely illumined, and 
xiK southern is in complete darkness ; and we have 
now brought tlie earth again to the spot from whence 
we first accompanied her. 

EttUly. This is indeed, a most satisfactory explana- 
tion of the seasons ; and the more I learn, the more I 
udmire the simplicity of means by which such wonder- 
ful effects arc produced. 

.Vr*. Ji. I know not which is most worthy of «ur 
admiration, the cause, or the effect of the earth's revor 
tution round the sun. The mind can find no object of 
contemplation more sublime, than the course of ihtS 
magnificent globe, impelled by the combined poivers rf 
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projecdon aiid attraction to roll in one invariable course 
around the source of light and heat : and what can be 
more delightful than the beneficent effects of this vivi- 
fying power on its attendant. planet. • It is at once the 
grand principle which animates and fecundates nature. 

Emuy. There is one circumstance in which this lit- 
tle ivory globe appears to me to differ from the earth ; 
it is not quite dark on that side of it which is turned 
from the candle, as is the case with the earth when nei- 
ther moon nor stars are visible. 

Mrs* B. This is owing to the light of the candle be- 
ing reflected by the walls of the room on ever}' part of 
the globe, consequently that side of the globe on which 
the candle does not directly shine, is not in total dark- 
ness. Now the skies have no walls to reflect the sun's 
light on that side of our earth which is in darkness. 
« Caroline. I beg your pardon, Mrs. B., I think that 
the moon and stars answer the purpose of walls in re- 
flecting the sun's light to us in the night. 

Mr&. Bm Very well, Caroline ; that is to say, the 
moon and planets ; for the fixed stars, you know, shine 
by their own light. 

Emily. You say, that the superior heat of the equa- 
torial parts of the earth, arises from the rays falling 
perpendicularly on those regions, whilst they fall ob- 
liquely on these more northern regions ; now I do not 
understand why perpendicular rays should afford more 
heat than oblique rays. 

Camlint. You need only hold your hand perpendi- 
cularly over the candle, and then hold it sideways ob- 
liquely, to be sensible of the difference. 

Emily. I do not doubt the fact, but I wish to have 
It explained. 

Mrs. Bm You are quite right ; if Caroline had not 
been satisfied with ascertaining the fact, without un- 
derstanding it, she would not have brought forward the 
candle as an illustration ; the reason why you feel so 
much more heat if you hold your hand perpendicularly 
over the candle, than if you hold it sideways^ is b*i- 
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' cause a stream of heated vapoiir constantly ascends 
from the candle, or any other burning body, which be- 
ing lighter than the air of the room, does not spread la- 
terally but rises perpendicularly, and this led you to 
suppose that the rays wtre hotter in the 1-atter direc- 
tion. Had you reSected, you would ha^e discovered 
that rays issuing from tlie candle sideways, are no less 
perpendicular to your hand when held opposite to them, 
than the rays which ascend when your hand is held 
over them. 

The reason why the sun's rays afford less heat when 
in an oblique direction than when perpcndicuhir, is be* 
cause fewer of .them fall upon an equal portion of the 
earth j this will be understood better by referring to 
plate X. fig. 1., which represents two equal portions of 
the sun's rays, shining upon different parts of the earth. 
Here it ia evident, that the same quantity of rays fall 
on the space A B, as fall on the space B C j and as A 
B is less than B C, the heat and light will be macbq 
stronger in the former than in the latter j A B, you see, 
represents the equatorial regions, where the aun shine* 
perpendicularly ; and B C, the temperate and frozen cli- 
mates, where his rays fall more o_bliquely. 

Eimly. This accounts not only for the greater heal 
Ol the equatorial regions, but for the greater heat of 
summer ; as the sun shines less obliquely in summer 
than in winter. 

Mn. B. Tills you will see exemplified in figure % 
in which the earth is represented, as it is situated on 
the 2J3t of June, and England receives less oblique anil 
L consequently a greater number of rays, than at aiq 

■ mher reason ; and figure 3, shows the situation of Eng; 
K landontlie 2 Ist of December, when the rays of tliesuo 
W &11 most obliquely upon her. But there is also another 
K reason why oblique rays give less heat, than perpandi- 

■ cular rays ; which is, that they have a greater portion 
K of the atmosphere to traverse ; and though it is true, 
I that the atmosphere is itself a transparent body, freely 
V '^dmiltinff the passage of the stin's rays, yet it la- almttr 
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^ftded more yr less with dense and I 
l^ch die rays of the sun cannot easily penetrate ; 
^ th* greater the quantity of atmosphere the s 
^3 have to pass through in their way to the earth, die 
iss heat they will retain when they reach it. This will 
p better understood, by referring to fig. 4. The dot- 
)d line round the earth, describes the extent of the at- 
tosphere, and the lines which proceed from the sun to 
fe earth, the passage of two equal portions of the sun's 
^s to the equatorial and polar regions ; the latter you 
^, from its greater obliquity passes through a greater 
ttei^t of atmosphere. 

L Caroline. And this, no doubt, is the reason why the 
|n in the morning auH the evening gives so miKh less 
taat, than at mid-day. 

I Mrs. B. The diminution of heat, morning and even. 
ig, is certainly owing to the greater obliquity of the 
l^'s rays ; and as such they are affected by both the 
wises, which I have just explained to you ; the dilE. 
Mty of passijig ihrougri a foggy atmosphere is perhaps 
feore particularly applicable to them, as mist and va- 
purs are prevalent about the time of sunrise and sun- 
It, Bui the diminished obliquity of the sun's rays, is 
Pt the sole cause of the heat of summer ; the length of 
Pe days greatly conduces to it ; for the longer the aun 
f above the horizon, the more heat he will communi- 
P«to the earth. 

fCa^ine^ Both the longest days, and the moat per- 
raldicular rays, are on the 21st of June j and yet the 
["Catest heat prevails in July and August. 
h«^r». B, Those parts of the earth which are once 
Sated, retain the heat for some length of time, and die 
Witional heat they receive, occasions an elevation of 
TOperature, although the days begin to shorten, and 
te sun's rays to fall more obliquely. Fo» the same 
?ason, we have generally more heat at three o'clock iu 
p« afternoon, than at twelve when the sun is on the 
leridian. 

[ J^tty. Ar.d pray, have the other planets the samt. 
ciesitudes of seasons, as the earOa! ^ 
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JUn. B. Some of ihem more, some less, according 
as ihi-jr axes deviati: more or leas from the ;»crpendicu- 
lar to the plane of their orbits. The axia of Jupittr is 
aiearly perpendicular to the plane of his orbit ; the axes 
W Mars and of Saturn are each inclined at angles of 
:Sbout sixty degrees; whilst the axis of Venus is be- 
ITeved to be elevated only fifteen or twenty degrees 
above her orbit ; the vicissitudes of her seasons must 
tterefore be considerably greater than ours. For fur- 
ther particulars respecting the planets, I shall refer you 
>to Bonnycastle's Introduction to Astronomy. 

I have but one more observation to make to you re- 
lative to the earth's motion, which is, that although wc 
nave Wftt 365 days Mid nights in the year, she performs 
336 complete revolutions on her axis during that time. 
- Caroline, How is that possible ? for every complete 
revolution must bring the same place back to the sun. 
It is now just twelve o'clock, the sun is, therefore, on 
our meridian ; in twenty-foui- hours will it not be re- 
turned to our meridian again, and will not the earth have 
made a complete rotation on its axis i 

Mrs. B. If the earth had no progressive motion in 
its orbit whilst it revolves on its asis, this would be the 
case; but as it advances ulmost a degree westward in 
its orbit, in the same time that it completes a revolution 
eastward on its axis, it must revolve nearly one degree 
more in order to bring the same meridian back to the 
«un. 

. Caroline. Oh, yes ! it will require as much more of 
a second revolution to bring the same meridian back lo 
'^e sun, as is equal to the space the earth has adt-anced 
fa her orbit, that is, nearly a degree ; this diiference is 
iowever, very little. 

lUrs. B, I'hese small daily portions of rotation are 
jftach equal to the three hundred and sixty-fifth part of a 
:ircle, which at the end of the year amounts to one com- 
jlcte rotation, 

Emili/. That is extremely curious. If the eartlithen, 
liad rt' other than its dlumal motion, we should haYj 
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Mn. A We should have 366 days in the same pe- 
riod of time that we now have 365 ; but if we^did not 
revolve round the sun, we should have no natural 
means of computing years. 

You will be surprised to hear, that if time is calcu- 
lated by the stars instead of the sun, the irregularity 
which we have just noticed does not occur, and that 
one complete rotation of the earth on its axis, brings the 
same meridian back to any fixed star. 

EmilUm That seems quite unaccountable ; for the 
tarth advances in her orbit with regard to the fixed stars, 
the same as with regard to the sun. 

Mrs. Bm True, but then the distance of the Axed 
stars is so immense, that our solar system is in compa- 
rison to it but a spot, and the whole exteat of the earth's 
orbit but a point ; therefore, whether the earth remain- 
ed stationary, or whether it revolved in its orbit during 
its rotation on its axis, no sensible difference would be 
produced with regard to the fixed stars. One complete 
revolution brings the same meridian back to the same 

f':fzed star ; hence the fixed stars appear to go round the 
earth in a shorter time than the sun by three minutes 
^ fifty-six seconds of time. 

Caroline* These three minutes fifty-six seconds is 
the time which the earth takes to perform the addition- 
al three hundred and sixty-fifth part of the circle, in or- 
der to bring the same meridian back to the sun. 

«¥r«. B, Precisely. Hence the stars gain every day 
.thr^e minutes fifty-six seconds on the sun, which makes 
5}iem rise that portion of time earlier every day. 
' ■ When time is calculated by the stars it is called si- 
dereal time, when by the sun solar or apparent time. 
; ^ Caroline. Then a sidereal day is three minutes fifty- 
iix seconds shorter than a solar day of twenty-four 
[ hours. 

J^rs, B, I must also explain to you what is meant 
bv a sidereal year. 

[ The common year; called the solar or tropical year» 
f containing 365 days, five hours, forty-eight minutes ^^.^4^ 
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fifty-two seconds, is measured from t 

sets out from one of the equinoxes, or 

returns to the same again ; but this year is completed 

before the earth has finished one entire revolutiou in iti 

orbit, 

Einilif, I thought that the earth performed o 
plete revolution in its orbit every year ; wliat is the rea> 
son of this variation? 

JUrs, B. It is owing to the spheroidal figure of llic 
earth. The elevation about the equator produces much 
the same effect as if a similar mass of matter, coUeGtedt 
in the form of a moon, revolved round the eqU4tr~ 
When this moon acted on the earth in conjimcdopi|H 
or in opposition to the sun, variations in the earth's tl 
tion would be occasioned, and ihese variations produce 
what is called the precession of the equinoxes. 

Bmily. What does that mean ? I thought the eqiri- 
noctial points, or nodes, were fixed points in the he* 
vena, in which the equator cuts the ecliptic. "' 

Jflrs. B, These points are not quite fixed, buf h« 
an apparently retrograde motion, that is to say, insMl 
of being every revolution in the same place, they moi 
backwards. Thus if the vernal equinox is at A, (fi^'ti 
plate XI.) the autumnal one will be at B instead c 
and the following vernal equinox at D instead of at A^ 
as would be the case if the equinoxes were stauonaiy 
at opposite points of the earth's orbit. 

Caroline. So that when the earth moves from i 
equinox to the other, though it takes half a year to p 
form the journey, it has not travelled through hall il 

Mrs. B. And, consequently, when it returns aga 
to the first equinox, it has not completed the whw (d 
its orbit. In order to ascertain when the earth has per- 
formed an entire revolution in its orbit, we must ob- 
serve when the sun returns in conjunction with 'WS 
fixed star J and this is called a sidereal year. SuppoflOl 
a fixed star situated at E, (fig. 1. plate XI.) the s 
would not appear in conjunction with it till t' 
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returned to A, when it would have Gompleted its 
•• 

nUff, And how much longer is the sidereal than 
olar year ? 

r«. B. Only twenty minutes ; so that the variation 
e equinoctial points is very inconsiderable. I have 
1 them a greater extent in the figure in order to ren* 
liem sensible. 

. regard to time, I must further add, that the earth's 
aal motion on an inclined axis, together with its 
al revolution in an elliptic orbit, occasions so much 
plication in its motion, as to produce many irregu* 
!e8 ; therefore true equal time cannot be measured 
le sun. A clock, which was always perfectly cor- 
, would in some parts of the year be before the sun, 
in other parts after it. There are but four periods 
'hich the sun and a perfect clock would agree, 
:h is the 15th of April, the 16th of June, the 23d 
.ugust, and the 24th of December. 
mUt/m An^ is there any considerable difference he- 
rn solar time and true .time ? 

!rs. Bm The greatest difference amounts to between 
m and sixteen minutes. Tables of equation are 
tructed for the purpose of pointing out and correct- 
these differences between solar time and equal or 
n time, which is the denomination given by astro* 
ers to true time* 
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We shall to-day confine our attention to the tSi6 
whicb offers many interesting phenomena. 

The moon revolves round the earth in the space 
about twcnty-nwe days and a half, in an orbit nesi 
parallel to that of the earth, and accompanies us in <ri 
revolution round the sun. t 

Emiiy, Her motion then, must be rather of a cod 
plicated nature ; for as the earth is not stationary, b 
advances in her orbit whilst the moon goes row 
her, the moon must proceed in a sort of progressii 
circle. 

Mrs. B. That is true ; and there are also other ci 
cumstances which interfere with the simplicity and t 
gularity of the moon's motion, but which are too intl 

te for you to understand at present. ' 

The moon always presents the same face to OS,) 
which it is evident that she turns but once upon her ll 
IB, while she performs a revolution round the earth; 
that the inhabitants of the moon have but one day K 
one night in the course of a lunar month. 
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Cardine. We afford them however, the advantage 
of a maguficent moon to enlighten their long nights. 

JB'S. B. That advantage is but partial ; for since we 
always see the same hemisphere of the moon, the inha- 
bitants of that hemisphere alone can perceive us. 

CanAine. One half of the moon then enjoys our light 
every night, while the other half has constandy nights 
of darkness. If there are any astronomers in those re* 
gions, they would doubdess be tempted to visit the 
other hemisphere, in order to behold so grand a lumi- 
nar}' as we must appear to them. But, pray, do they 
see the earth u^der all the changes which the moon ex- 
hibits to us ? 
Mrs*B. Exacdyso. These changes are called the pha- 
^ ses of the moon, and require some explanation. In fig. 
2, plate VI. let us say that S represents the sun, £ the 
Esuih, and A B C D the moon in different parts of her 
orbit. When the moon is at A, her dark side being 
turned towards the earth, we shall not see her as at 
a; but her disappearance is of very short duration, and 
as she advances in her orbit we perceive her under the 
fonn of a new moon : when she has gone through one- 
[hth of her orbit at B, one quarter of her enlightened 
lisphere will be turned towards the earth, and she 
['then appear homed as at 6 : when she has perform- 
one quarter of her orbit, she shows i^ one half of her 
enlightened side as at c; at d she is said to be gibbous, 
and at e the whole of the enlightened side appears to us, 
and the moon is at full. As she proceeds in her orbit 
she becomes again gibbous, and her enlightened hemis- 
phere turns gradually away from us until she completes 
W orbit and disappears, and then again resumes her 
fiftm -of a new moon. 

When the moon is at full, or a new moon, she is said 

« to be in conjunction with the sun, as they are then both 

I. in the same direction with regard to the earth ; when at 

J her quarters she is ssdd to be in opposition to the sun. 

Emily, Are not the eclipses produced by the moon 

passing between the sun and the earth ? 



04 ON rnz MOON. . 

Mrg. B. Yes ; when the moon passes between ihft 
sun and the eanh, she intercepts his rays, or in other 
words, casts a shadow on the earth, then the sun b 
eclipsed, and the day light gives place to darkness, 
while the mooft's shadow is passing orer us. 

When, on the contrary, the earth is between the sun 
and the moon, it is we who intercept the sun's rays, and 
cast a shadow on the moon ; the moon is then dai^ea- 
ed, she disappears from our view, and is eclipsed. 

Emilg. But as the moon ^es round the earth evcfy 
month, she must be once dunng that time between the 
earth and the sun, and the earth must likewise be once 
between tlie sun and the moon, and yet we have not I 
solar and a lunar eclipse every month ? 

•Vrs, B. The orbits of the earth and moon av 
exactly parallel, but cross or intersect each other ; and 
the moon generally passes either above or below Hk 
earth when she is in conjunction with the sun, and does 
not therefore intercept the sun's rays, and produce W 
eclipse ; for this can take place only when the earth and 
moon are in conjunction in that part of their orbits 
which cross each other, (called the nodes of their Ot- 
bits) because it is then only, that they are both " 
line with the sun. 

Emily. And a partial eclipse takes place,, 
when the moon in passing by the earth, is not sufEciei^ 
ly above or below the earth's shadow entirely toil* 
cape it P 

■ JUrs. B. Yes, one edge of her disk then dips intothe 
shadow, and is eclipsed ; but as the earth is larger dtan 
the moon, when the eclipse happens precisely at the 
nodes, they are not only total, but last for some lengtli 
of time. 

When the sun is eclipsed, the total darkness is coO' 
fined to one particular part of the earth, evidently shp*' 
ing that tlie moon is smaller than the earth, since d* 
cannot entirely slcfeen it from the sun. In fig. I. ^ 
XII. vou will find a solar eclipse described; S is W* 
aun, m the moon, and E the earth [ and the moon's sh*' 
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vlow, you see, is not large enough to cover the earth. 
The lunar eclipses on the contrary are visible from eve- 
ry part of the earth, where the moon is above the hori- 
zon ; and we discover by the length of time which the 
moon is in passing through the earth's shadow, that it 
would be sufficient to eclipse her totally, were she 47 
times her actual size ; it follows therefore, that the earth 
is 47 times the size of the moon. 

In fig. 2. S represents the sun, which pours forth rays 
of light in straight lines in every direction. E is the 
earth, and M the moon. Now a ray of light coming 
from one extremity of the sun's disk in the direction A 
B, will meet another coming from the opposite extrc- 
mitv in the direction C B ; the shadow of the earth can- 
not therefore extend beyond B ; as the sun is larger 
than the earth, the shadow of the latter is conical, or 
the figure of a sugar loaf ; it gradually diminishes, and 
is mu?h smaller than the earth where the moon passes 
through it, and yet we find the moon to be not only to- 
tally eclipsed, but some length of time in darkness, 
and hence we are enabled to ascertain its real dimen- 
sions. 

. Emily. When the moon eclipses the sun to us, we 
must be eclipsed to the moon ? 

Mrs. B. Certainly ; for if the moon intercepts the 
sun's rays, and casts a shadow on us, we must necessa- 
rily disappear to the moon, but only partially, as in 
fig. 1. 

Caroline. There must be a great number of eclipses 
in the distant planets, which have so many moons ? 

Mrs. B. Yes, few days pass without an eclipse tak- 
ing place ; for among the number of satellites, one or 
the other of them are continually passing either between 
their planet and the sun, or between the planet and 
each other. Astronomers are so well acquamted with 
the motion of the planets and their satellites, that they 
have calculated not only the eclipses of our moon, but 
those of Jupiter, with such perfect accuracy, that it has 
dTorded a means of ascertaining the longitude* 
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'.'A*, Jfc The latitude may be easily found bf tt^i^, 
^ atdttlde of the pole ; that is to say, the nunteM 
degrees diatit ia elevated above the horixoq, ^ ^i 
■p(& Kppetn man dented aa we mppnmit'ilt mAttii- 
.»we recede Jrom it. 
.> Caroline. Bat mless you can aee the pole Ixnr Mt' 
you take its altitude i * 

Mrs. B. The north pole points constantly towtrdi 
one particular part of the heavens in which a star is u- 
tuated, called the Polar Star : this star is visiUe es 
clear nights, from every part of the northern hemii- 
phere, the altitude of the polar star is therefore Sk 
■nme number of degrees as that of the pole ; the lali'^ 
tudc may also be determined by observations made od 
the sun or any of the fixed stars : the situation dierefioe 
of ft ^'essel at sea, with regard to north and south, i* 
easily ascertained. The difficulty is respecting east and 
west, that is to say, its longitude. As we have no east- 
ern poles from which we can reckon our distance, some 
particular spot must be fixed upon for that purpoee. 
'The Engliih reckon from the meridian of Greenwicbi 
Where the royal observatory is situated ; m French-taa* 
you will find that the longitude is reckoned from Pan*- 

The rotation of the cation its axis in 34 hours frnP 
""•t to cast occasions, ^ou know, an apparent niotitfi 

iha lyn and etara in a contrary direction, and the siiD 
f IM lo go round the earth in die space of 24 honnj 

i^^t *VW Sfteca degrees or a twenty-fourth part of 
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the earth's circumference every hour ; therefore, ^vhcn 
it is twelve o'clock in London, it is one o'clock in any 
place situated fifteen degrees to the east of London, as 
the sun must have passed the meridian of that place an 
hour before he reaches that of London. For the same 
reason it is eleven o'clock to any place situated fifteen 
degrees to the west of London, as the sun will not come 
to that meridian till an hour later. 

If then the captain of a vessel at sea, could know pre- 
cisely what was the hour at London, he could, by look- 
ing at his watch, and comparing it with the hour of the 
spot in which he was, ascertain the longitude. 
- Emily. But if he had not altered his watch, since he 
sdled U'om London, it would indicate the hour it was 
then in London. 

Mrs* B. True ; but in order to know the hour of the 
day of the spot in which he is, the captain of a vessel 
regulates his watch by the sun when it reaches the me- 
ridian. 

JBmily* Then if he had two watches, he might keep 
one regulated daily, and leave the other unaltered ; the 
former would indicate the hour of the place in which 
he was situated, and the latter the hour of London ; 
and by comparing them together, he would be able to 
calculate his longitude. 

Mrs. B, You have discovered, Emily, a mode of 
finding the longitude, which I have the pleasure to tell 
you, is universally adopted : watches of a superior con- 
struction, called chronometers, or time-keepers, are used 
for this purpose ; but the best watches are liable to im- 
perfections, and should the time-keeper go too fast or 
too slow, there would be no means of ascertaining the 
error ; implicit reliance cannot consequently be placed 
upon them. 

Recourse is therefore had to the eclipsis of Jupiter's 
satellites* A table is made of the precise time at which 
the several moons are eclipsed to a spectator at London ; 
when they appear eclipsed to a spectator in any other 
spot, he may, by consulting the table, know what is th^ 
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hour at London j for the eclipse is visible at the samt 
moment from whatever place on the earth it is seen. He 
has then only to look at the watch which points out the 
hour of the place in which he is, and by observing ihc 
difference of time there, and at London, he may imme- 
diately determine his longitude. 

Let us suppose, that a certain moon of Jupiter is id- 
ways echpsed at six o'clock in the evening; and thai 
tt man at sea consults his watch, and finds that it is ten 
o'clock, at night, where he is situated, at the moment 
ihc eclipse takes place ; what will be his longitude ? 

Emily. That is four hours later than in London: 
four times fifteen degrees make 60; he would, iheifr 
fore, be sixty degrees east of London, for the sun must 
have passed his meridian before it reaches that of Lon- 
don. 

Mrs. B. For this reason the hour ie always later 
than in I-ondon, when the place is east longitude, and 
earlier when it is west longitude. Thus the longitude 
can be asceruined whenever the eclipses of Jupiter's 
moons are visible. 

But it is not only the secondarj- planets which prt- 
ducc eclipses, for the primary planets near the sub 
eclipse him to those at a greater distance when th*)' 
u:ome in conjunction in the nodes of their orbits; but 
as the primary planets arc much longer in performiog 
their coui^e round the sun, than the satellites in going 
round their primary planets, these eclipses very seldoiB- 
occur. Mercury and Venus have however passed in I' 
right line between us and the sun, but being at so greil 
a distance from us, their shadows did not extend so hC 
as the earth ; no darkness was therefore produced on 
My part of our globe ; but the planet appeared like » 
small black spot, passing across the sun's disk ; (his it 
called a transit of the planet. 

It was by the last transit of Venus, that astronomot 
were enabled to calculate with some degree of accuracy 
'he distance of tlie earth from the sun, and the ditoen- 
■■ions of the latter. 
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Smul^. I have heard that the tides are aAcctcd by 
the moon, but I cannot conceive what influcDce i( can 
have on them. 

Mrs. B. They are produced by the moon's attrac- 
tion, which draws up the waters in a protuberance. 

Caroiine* Does attraction act on water more power- 
fully than on land ? I should have thought it would 
have been just the contrary, for land is certainly a more 
dense body than water i , 

Mrs. B. I'ides do not arise from water being more 
Strongly attracted than land, for this certainly is not the 
case; but the cohesion of fluids being much less than 
diat of solid bodies, they more easily yield to tlie paw- 
■"r of gravity, in consequence of which the waters im- 
aediately below the moon arc drawn up by it in a pro- 
aberance, producing a full tide, or what is commonly 
called high water, at the spot whitre it happens. So 
mt the theory of the tides is not difficult to understand. 
Caroline. On the contrary, nothing can be more sim- 
ple ; the waters, in order to rise up under the moon. 
nOHt^draw the waters from the opposite side of the globe, 
md occasion ebb-tide, or low water in those parts. 
^^ Mr». B. You draw your conclusion rather too hasti- 
hf my dear J for according to your theory, we should 
uve full tide only once in twenty-four hours, that is, 
y time that we were below the moon, while we find 
hat we have two tides in the course of twenty-four 
lows, and that it is high-water with us and with our 
Btipodes at the same time. 

Gofoline. Yet it must be impossible for the moon to 
ttlntct the sea in opposite parts of the globe, and in op- 
jtmte directions at the same time. 
Mrs. B. This opposite tide is rather more difficuls 
» explain, than that which is drawn up beneath the 
moon; with a little attention, however, I hope I shall 
K able to make you understand it. 

Vou recollect that the earth and moon are mutually 
Ktracted towards a point, their common centre of gra- 
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vity and ol motion ; can you tetl me what it is that[itc- 
rents their meeting and uniting at this point f 

Emily. Their projectile force, wluch gives thtm a 
tendency to fly from this centre. 

■Vm. B. And is hence called their centrifugal force. 
Now we know that the centrifugal force increases In 
proportion to the distance from the centre of motion. 

Caroline. Yes, I recollect your explaining that to us, 
■ and illustrating it by the njotion of the fl)'er£ of a wind* 
mill, and the spinning of a to^. 

Emily. And it was but the other day yoa showed 
UB that bodies weighed less at the equator, than in the 
polar regions, in consequence of the increased centrifu- 
gal force in the equatorial parts. 

Mrs. B. Very well. The power of attraction, on 
the contrary, increases as the distance from the cenOt 
of gravity diminishes ; when, therefore, the two centrei 
of gravity and of motion are in the same spot, as is the 
case with regard to the moon and the earth, the centii' 
fugal power and tiiose of attraction, will be in iQven^:i 
proportion to each other ; that is to say, where Uic OW 
IS strongest, the other will be weakest. 

EviUy. Those parts of the ocean, then, which are 
most strongly attracted will have least centrifugal forcei 
and those parts which are least attracted, will have ibe 
greatest centrifugal force, 

Mrs. B, In order to render the question more siB* 
pie, let us suppose the earth to be every where covered, 
by the ocean, as represented in (fig. 3, pi. XII.) M '» 
the moon, A B C D the eartli, and X the common cen- 
tre of gravity and of motion of these two planets. . Ntar 
the waters on the surface of the earth, about A, being 
more strongly attracted than any other part, will be ele- 
vated : the attraction of the moon at B and C being less, 
and at D least of all. But the centrifugal force at p,vrill 
be greatest, and the waters there, will in consequGDCC 
have the greatest tendency to recede from the moofli 
the waters at B and C will have less tendencv to reccdC) 
and at A least of all. The waters, therefore, at D,mll 



lede ftirthest, at the same time thai they are least at- 
ted, and in consequence will be elevated in a protu- 
"ice similar to that at A. 

!y. The tide A, then, is produced by the moon's 
faction, and increased by the feebleness of the centri- 
pl power in those parts ; and the tide D is produced 
the centrifugal force, and increased by the feebleness 
he moon's attraction in those parts. 
?nnrftne. And when it is high water at A and'D, it 
ow water at B and C ; now i think I comprehend die 
ure of the tides agniqi though I confess it is not quite 
Easy as I at first thought, 

Jut, Mrs. B., why does not the sun produce tides as 
1 as the moon ; for its attraction is g;reater than that 
he moon i 

I. B, It would be at an equal distance, but our vi- 
ity to the moon makes her influence more powerful, 
sun has however, a considerable effect on the tides, 
increases or diminishes them as it acts in coujunc- 
with, or in opposition to the moon. 
^Uy. I do not quite understand that. 
Ira. B. The moon is a month in going round the 
1 ; twice during that time, therefore, at full and at 
ige, she is in the same direction as the sun, both then 
!n conjunction on the earth, and produce very great 
8, called spring tides, as described in fig. 4, at A 
B ; but when the moon is at the intermediate parts 
bcr orbit, the sun, instead of affording assistance, 
ipns her power by acting in opposition to it ; and 
ller tides are produced, called neap tides, as repre- 
icd in fig. J. 

)mUu, I have often observed the difference of these 
« when I have been at the sea side. 
lut since attraction is mutual between the moon and 
earth, we must produce tides in the moon ; and diesc 
: be more considerable in proportion as our planet 
rger. And yet the moon does not appear of an 
lorra. 
rs. B. You must recollect, that in order to render 
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the ezptanatioo of the tides clearer, we suppose the 
whole suffice of the earth to be covered with the ocesi; 
but that is not really the case, either wriih the eardi ot 
the moon, and the land which intersects the water <l6- 
3tro3'» the regularity of the effect. 

Caroliiu. True j we may, however, be certam As*. 
whencTer it ta high water the moon is immediatdy AKT 
otir heads. 

.Ws. B. Not so either ; for as a Bimilar effect b 
produced on that part of the globe immediately 
the moon, and on that part -in' distant from it, it caa- 
not be over the heads of the inhabitants of both thOK 
aituations at the same time. Besides, as the oibit Ot 
the moon is very nearly parallel to that of the cartJi, 
she is never vertical but to the inhabitants of the torrid 
aoiie ; in that climate, therefore, the tides an ^ 
and they diminish as you ictedc &om it and appitiwb 
the poles. 

Caroline. In the torrid 2one, then, I hope yoa »i 
K^ant that the moon is immediately over, or op| 
the spots where it is high water ? 

.Vrs. B. 1 cannot even admit that ; for the 
naturally partaking of the earth's motion, in its rt 
from west to east, the moon, in forming a tide, hM 



contend against the eastern motion of the 
matter, you know, by its inertia, makes ! 
tance to a change of state ; the waters, therefore, i 
not readily yield to the attraction of the moon, and A 
effect of her influence is not complete till three hooi 
after she has passed the meridian, where it is full tidft 

Emihj. Pray what is the reason that the tide is tlu«'l 
quarters of an hour later every day ? I 

JIfrs. B. Because it is twenty-four hours and thr«--l 
quarters before the same meridian on our globe retui^ I 
beneath the moon. The earth revolves on its axis * I 
about twenty-four hours ; if the moon were stations"?" T 
therefore, the same part of our globe would, everytwc"" I 
ty.four hours, rtturn ht-neath the moon ; but as don^ 1 
our daily revolution the moon advances in her orbiti J 
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the earth must make more than a complete rotation in 
order to bring the same meridian opposite the moon : 
we are three-quarters of an hour m overtaking hen 
The tides, therefore, are retarded for the same reason 
that the moon rises later by three-quarters of an hour 
every day. 

We have now, I think, concluded the observations I 
had to make to you on the subject of astronomy ; at our 
next interview, I shall attempt to explain to you the 
elements of hydrostatics. 



CON^TESSATION X. 



ON THE MECHANICAL PROPERTIES OF FLUIDS. 
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MRS. B. 



We have hitherto confined our attention to the me- 
chanical properties of solid bodies, which have been il- 
lustrated, and, I hope, thoroughly impressed upon your 
memory, by the conversations we have subsequently 
had on astronomy. It will now be necessary for me to 
give you some account of the mechanical properties rf 
fluids — a science which is called hydrostatics. A fluid * 
is a substance which yields to the slightest pressure. If 
you dip your hand into a basin of water, you are scarce^ 
ly sensible of meeting with any resistance. 

Emily. The attraction of cohesion is then, I suppose, 
less powerful in fluids than in solids ? 

Mrs. B. Yes ; fluids, generally speaking, are bodies 
of less density than solids. From the slight cohesion, 
of the particles of fluids, and the facility with which 
they slide over each other, it is inferred, tidat they must 
he small, smooth, and globular ; smooth, because there 
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Appears to be little or no friction among them ; and glo- 
bular, because touching each other but by a point would 
account for the slighiness of their cohesion. 

Caroline. Pray what is the distinction between >t 
fluid and a liquid? 

JffrSt B, Liquids comprehend only one class of flu- 
ids. There is another class distinguished by the name 
of elastic fluids, or gases, which comprehends the mf 
of the atmosphere, and all the various kinds of air with 
which you will become acquainted when you study 
chemistry. Their mechftnical properties we shall cx- 
|)Bmine at our next meeting, and confine our attention 
this morning to those of liquids, or non-elastic fluids. 
Water, and liquids in general, are scarcely suscepti- 
ble of being compressed, or squeezed into a smsdler 
space than that which they naturally occupy. This is 
supposed to be owing to the extreme minuteness of 
their particles, which, rather than submit to compres- 
Bion, force their way through the pores of the substance 
which confines them. This was shown by a celebrated 
experiment, made at Florence many years ago. A hol- 
low globe of gold was filled with water, and on its be- 
ing submitted to great pressure, the water was seen to 
exude through the pores of the gold, which it covered 
with a fine dew. Fluids gravitate in a more perfect 
manner than solid bodies ; for the strong cohesive at- 
traction of the particles of the latter in some measure 
counteracts the effect of gravity. In this table, for in- 
itance, the cohesion of the particles of wood enables 
VOX slender legs to support a considerable weight. 
Picre the cohesion destroyed, or, in other words, the 
1 converted into a fluid, no support could be af- 
i by the legs, for the particles no longer cohering 
Ogether, each would press separately and independ- 
Dtly, and would be brought to a level with the surface 
f the earth. 
^"^ JEmily. This want of cohesion is then the reason 

■Quids can never be formed into figures, or main- 
^,in heaps ; for though it is true tlie wind raises 
i \ 
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water bto waves, they are iBvmediaiely afterwards df 
stroved by gravity, and wattr always kads its leveL 

.Vr<. B. Do you undTsund what is meant by tbt 
level, or equilibrium of fluids i 

Emilg. I htlievc I do, though I feel rather at alosi 
to explain it. Is not a fluid level when its surface is ( 
smooth and flat, as is the case with all fluids when in 
state of rest ? 

Jtfrji. B. Smooth, if you please, but not flat; for the 
defiottion of the equilibrium of a fluid is, that every i 
part of the surface is equaU# distant Irom the point to 
which gravity tends, that is to say. from the centre of ji 
the earth ; hence the surface of all fluids must be bulg- 
ing, not flat, since they will partake of the sphericil 
form of the globe. This is ver>' evident in large hodjct 
of water, such as the ocean, but the spericity of small 
bodies of water is so trifling, that their surtaces appeal 
Sat. 

This level, or equilibrium of fluids, is the natlinl 
result of their particles gravitating independendy rf 
each other ; for when any particle of a fluid acci'deo' 
tally finds itself elevated above the rest, it is attracted | 
down to the level of the surface of the fluid, and th* i| 
readiness with which fluids yield to the slightest im- 1 
pressron, will enable the particle by its weight to pene- 
trate the surface of the fluid ^nd mix with it. 

Carolme. But I have seen a drop of oil float on At 
surface of water without mixing with it, 

Mrs. B. That is, because oil is a lighter liquid tfaM 
water. If you were to pour water over it, the oil would 
rise to the surface, being forced up by the superior gra- 
vity of the water. Here is an instrument called a water- 
level, (fig. 1. plate XIIJ.) which is constructed upon flw 
principle of the equilibrium of fluids. It consists ofa 
short tube A B, closed at both ends, and containing ■ 
little water ; when the tube is not perfectly horiaonol 
the water runs to the lower end, and it is bj' this meao» 
that the level of any situation, to which we apply the 
■Datminent, is ascertained. 
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bllii bodies you may, therefore, consider as gravita- 
; in masses, for the strong cohesion of their parti- 
makes them weigh altogether, while every particle 
I fluid may be considered as composing a separate 
», KTavitating independently of each other. Hence 
resistance of a fluid is considerably less than that 
solid body ; for the resistance of the particles act- 
Separately, they are more easily overcome, 
^m^. A body of water, in falling,.does certainly 
injury than a solid body of the same weight. 
fn. B. The particles of fluids acting thus inde- 
lently, press against each other in every direction, 
only downwards but upwards, and laterally or sidc- 
t ; and in consequence of this equality of pressure, 
y partide remains at rest in the fluid. If you agi- 
the fluid you disturb this equality of pressure, and 
^uid will not rest till its equilibrium is restored. 
ttToline. The pressure downwards is very natural ; 
I the efl"ect of gravity, one particle weighing upon 
her presses on it ; but the pressure sideways, and 
ikularly the pressure upwards, I cannot understand. 
1^. B. If there were no lateral pressure, water 
Id not run out of an opening on the side of a vessel. 
i>u fill a vessel with sand, it will not run out of such 
|iening, because there is scarcely any lateral pres- 
, among its particles. 

mitif. When water runs out of the side of a ves- 
is it not owing to the weight of the water above the 
ling ? 

fr'S. B. If the particles of fluids were arranged in 
llaf columns thus, (fig. 2.) there would be no lateral 
sure, for when one particle is perpendicularly above 
Other, it can only press downwards ; but as it must 
inually happen, that a particle presses between two 
icles beneath, (fig. 3.) these last must suffer a late- 
ire ssu re. 

mily. The same as when a wedge is driven into a 
ca£ wood, and separates the parts laterally. 
" ~ Yes. The lateral pressure proceeds, there-. 
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Pore, entirely from the pressure downwards, 
weight of the liquid above ; and consequently the low- 
er the orifice is made in the vessel, the greater will 
be the velocity of the water rushing out of it. Here is 
a vessel of water (fig. 5.), with three stop coclta at 
different heights ; we shall open them, and you will see 
with what different degrees of velocity the water issues 
from them. Do you understand this, Caroline ? 

Caroline. Oh yes. The water from the upper spout 
receiving but a shght pressure, on account of its vicini- 
ty tn the surface, flows but gently ; the second cock ha- 
ving a greater weight above it, the water is forced out 
with greater velocity, whilst the lowest cock being near 
the bottom of the vessel receives the pressure of almoet 
ithe whole body of water, and rushes out with the 
greatest impetuosity. 

Mrs, B, Very well ; and you must observe, that & 
the Iatei\il pressure is entirely owing to the pressure 
downwards, it is not effected by the horizontal dimen- 
sions of the vessel, which contains the water, but mere- 
ly by its depth ; for as every particle acts independent- 
ly of the rest, it is only the column of particles, imme- 
diately above the orifice that can weigh upon and press 
out the water. 

Emily. The breadth and width of thv \'essel then 
can be of no coustquence in this respect. The lateral 
pressure on one side, in a cubical vessel, is, I suppose 
not so great as the pressure downwards. 

JUrs. B, No ; in a cubical vessel the pressure down- 
wards will be double the lateral pressure on one side ; 
for every particle at the bottom of the vessel is pressed 
upon by a column of the whole depth of the fluid, wbibt 
the lateral pressure diminishes from the bottom up- 
wards to the surface, where the particles have no 
pressure. 

Caroline. And from whence proceeds the pressure 
of fluids upwards i that seems to me the moat unac- 
countable, as it Is in direct opposition to gravity, 

•Um. B. And yet it is in consequence of their pres- 
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ure downwards. When, for example, you pour water 
oto a tea-pot, the water rises in the spout to a level 
rith the water in the pot. The particles of water at the 
tottom of the pot are pressed upon by the particle* 
*iOve them ; to this pressure they will yield, if there 
any mcrde of making way for the superior particles, 
id as they cannot descend, they will change their tU- 
rction and rise in the spout. 

Suppose the tea-pot to be filled with columns of par- • 
jdes of water similar to that described in fig. 4. the 
(article 1 at the bottom will be pressed laterally by the 
lorticle 2, and by this pressure be forced into the spout, 
fhcre meeting with the particle 3, it presses it upwards, 
pdthis pressure will be continued from 3 to 4, from 4 
} 5, and so on till the water in the spout has risen to a 
fcvel with that in the pot. 

Smily. If it were not for this pressure upwards, forc- 
jg the water to rise in the spout, the equilibrium of the 
uid would be destroyed. 
Cmidine. True ; but then a tea-pot is wide and large, 
id the weight of so great a body of water as the pol 
jm contain, may easily force up and support so small 
quantity as will fill the spout. But would the same 
feet be produced if the spout and the pot were of 
^ual dimensions i 

Jib's, B. Undoubtedly it would. You may even re- 
srse the eitperiment by pouring water Jnto the spout, 
id you will find that the water will rise in the pot \a 
level with that in the spout ; for the pressure of the 
oall quantity of water in the spout will force up and 
ipport the larger quantity in the pot. In the pres- 
ITC upwards, as well as that laterally, you see that the 
Tce of pressure depends entirely on the height, and 
quite mdependent of the horizontal dimensions of the 
old. 
As a tea-pot is not transparent, let us try the espcri> 
lent by filling this large glass goblet by means of this 
arrow tube, (fig. 6.) 
Caroline, Look, Emily, as Mrs. B. fills it, how \ 
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water mc3 in the gobiet, to mamlaip 
with Urn in tiie tube. 

Now, Mrs. B., will )-ou let me fill tfae tube bjr poat- 
^ing water iaio the goblet? 

<%^. B. That is impossible. Uowerer, you mn' 
try the experiment, and I dtn^ not but that }'og wiU 
be able to account j(^ its failure. 

CaroUne. It is very singular, that if so snuU a co* 
- lumn of water as is contained in the tube can force up 
and support the whole contents of the goblet ; that tlie 
weight of all the water in the goblet should not be sitlt 
to force up the small quantity required to fill the tube: 
— oh, I see now the reason, the water in the goblet can- 
not force that in the tube above its level, and as the end 
of the tube is considerably higher thsui the goblet, it can 
never be filled by pouring water into the goblet. 

Mrs, B. And if you continue to pour water into the 
goblet when it is full, the water will run over instead of 
rising above the level in the tube. 

I shall now explain to you the meaning of the spedjie 
gravity of bodies. 

Caroline. What ! is there another species of gravi^ 
with which we are not yet acquainted.' 

Mrs. B. No : the specific gravity of a body, means 
simply its weight compared with that of another body of 
the same size. When we say, that substances such as 
lead and stones arc heavy, and that Bthers, such as pa* 



per and feathers, 



light, 



speak comparatii'cly i 



that is to say, that the first are heavy, and the latter 
light, in comparison with the generality of substances 
in nature. Would you call wood and chalk light or 
heavy bodies ? 

Oaroline. Some kinds of wood are hea^-y certainly, 
iiB oak and mahogany i others are light, as deal and 
box. 

Emihj. I think 1 should call wood in general a hea- 
vy body, for deal and box ace light only in comparison 
to wood of a heavier description. I am at a loss to de- 
termine whether chalk should be ranked as a heavy or 
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lltght body ; I should be Inclmed to say the former, if 
t was not that it is lighter than moat other minerals. I 
erceive that we have but vague notions of light and 
bavy. I wish there was some standard of comparison, 
t which we could refer the weight of all other bodies. 
■^JUrs. B. The necessity of such a standard has been 
D much felt, that a body has been fixed upon for this 
orpose. What substance do you think would be best 
siculated to answer this end ? 
Caroline. It must be one generally known and easi- 
obtained, lead or iron, for instance. 
JSra. B. All the metals expand by heat, and con- 
tense by cold. A piece of lead, let us say a cubic inch 
br instance, would have less specific gravity in summer 
an in winter ; for it would be more dense in the lat- 
r season. 

Caroline, But, Mrs. B., if you compare the weight 
' equal quantities of different bodies, they will all be 
ike. You know the old saying, that a pound of fea- 
firs is as heavy as a pound of lead ? 
Mrs, B, When therefore we compare the weight of 
fierent kinds of bodies, it would be absurd to take 
laBtitieS of equal Tvcight^ we must take quantities of 
joal hiik; pints or quarts, not ounces or ])ounds. 
Carolijie. Very true ; I perplexed myself by think- 
ig that quantity referred to weight, rather than to mea- 
nre. It is true, it would be as absurd to cqmpare bo. 
tea of the same size in order to ascertain which was 
irgest, as to compare bodies of the same weight in or- 
ET to discover which was heaviest. 
JHrs'. B. tn estimating the specific gravity of bodies, 
lerefore, we must compare equal bulks, and we shall 
id that their specific gravity will be proportional to 
leir weights. The body which has been adopted as a 
tandard of reference is distilled water. 

Emiii/. I am surprised that a fluid should have been 
lioscn for this purpose, as it must necessarily be con- 
lined in some vessel, and the weight of the vessel will 
squire to be deducted. 
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Jin, B. In order tcieiXB the specific gravity of a 
solid body, it is not necesoiry to put a certain measure 
t^'ttia one ecale, and an equnl measure of vatcr into 
the other scale t but umply to weigh the body under 
trial in water. If tou veini a piece of gold in a glass 
of water, will not the stdd &placejust as much water, 
at is equal to its own oulk f 

^ Corolme. Certainly, where one body is, another can- 
not be at the game time ; k> that a sufficient quantity of 
water must be ronoved, in order to make way for the 
gold. . V . , ; 

Mn. B, Tea, a cubic inch^ water to indEe. 
for a cidiic inch of gc^ ; remember that the famlk 
is to be considered, die weight' has. notldsg t? do 
Hie quantity of water displaced, f<nr an inch-of-^ 
does not occupy more space, and thcrefb^||B!ir31 not 
place more water than an inch of ivory|~oc ai)y,<D^ 
substance, that will sink in water. '. 

Well, you will perhaps be surprised'to hea^.that 
gold will weigh less in water, than it diS Oidt of ib' 

Emily. And for what reason i 

Mrs. B. On account of the upward pressure of dii 
particles of water, which in some measure supportirdiB 
gold, and by so doing, diminishes its weight. If di^r 
body immersed in water was of the same weight as tlu£ 
fluid, it would be wholly supported by it, just as die, 
water which it displaces was supported previous to bs 
making way for the solid body. If the body is heavilt 
than the water, it cannot be wholly supported by.iti: 
but the water will offer some resistance to its descent ^ 

Caroline. And the resistance which water offers & 
the descent of heavy bodies immersed in it, fsince^ 
proceeds from the upward pressure of the particles ot- 
the fluid), must in all cases, I suppose, be the same? . 

.Ifrs. B. Yea ; the resistance of the fluid is propetf*: 
tioned to the bulk, and not to the weight of the body' 
immersed in it i all bodies of the same size, therefore, 
lose the same quantity of their weight in water. Can 
you form any idea what this loss will be i 
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MrnUy. I should think it would be eaual to the 
weight of the water displaced ; for, since tnat portion 
of the water was supported before the immersion of the 
solid body, an equal weight of the solid body will be 
supported. 

Mrs. B. You are perfectly right: a body weighed in 
water loses just as much of its weight, as is equal to 
that of the water it displaces ; so that if you were to 
put the water displaced into the scale to which the body 
is suspended, it would restore the balance. 

You must observe, that when you weigh a body in 
water, in order to ascertain its specific gravity, you must 
BOt sink the bason of the balance in the water ; but 
either suspend the body to a hook at the bottom of the 
b|son, or else take off the bason, and suspend it to the 
inn of the balance, (fig. 7.) Now suppose that a cubic 
' inch of gold weighed 19 ounces out of water, and lost 
«ne ounce of its weight by being weighed in water, 
irhat would be its specific gravity ? 

Caroline. The cubic inch of water it displaced must 
: weigh that one ounce ; and as a cubic inch of gold 
Weighs 19 ounces, gold is 19 times as heavy as water. 
: Jmily. I recollect having seen a table of the com- 
farative weights of bodies, in which gold appeared to 
itte to be estimated at 19 thousand times the weight of 
water. 

MrSm B. You misunderstood the meaning of the ta- 
Ue. In the estimation you allude to, the weight of 
'•Water was reckoned at 1000. You must observe, that 
i the weight of a substance when not compared to that 
; 6f any other, is perfecdy arbitrary ; and when water is 
^opted as a standard, we may denominate its weight 
by any number we please ; but then the weight of all 
bodies tried by this standard must be signified by pro- 
portional numbers. 

Carolint. We may call the weight of water, for ex- 
unple, one, and then that of gold would be nineteen ; 
or if we chose to call the weight of water 1000, that of 
|old would be 19,000. In short, the specific gravity 

} 
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the purpose of equipoising the instrument, that itm 
Temiitn upright in the liquid under trial. 

I must now take leave of you; but there remain ) 
many observations to be made on fluids : we shall, thei 
fore, resume this subject at our next interview. 



CONVBBSATION XI. 



OF SPRINGS, FOUNTAINS, &c. 

«r TffB Ascsirr ov vapoub ahd ths roRniTioir of ciouds.— op iss 9Mi> 

MATIOV AVD YAKL OF EAIH, &C.— OF THB FOEMATIOV OF SFBIBei. 
miTKBS AKD LAKUw— OF FOUHTAIHS. 



CAROLINE. 

There is a question I am very desirous of asking 
you respecting fluids, Mrs. B., which has often perplex- 
.ed me. What is the reason that the great quantity of 
rain which falls upon the earth and sinks into it, does 
not, in the course of time, injure its solidity i The sun 
and the wind, I know, diy the surface, but they have 
no eifect on the interior parts, where there must be a 
prodi^ous accumulation of moisture. 

Mrs. B. Do you not know that, in the course of 
time, all the water which sinks into the ground rises 
out of it again ? It is the same water which successive- 
ly forms seas, rivers, springs, clouds, rain, and sometimes 
luiil, snow, and ice. If you will take tlie trouble of fol- 
lowing it through these various changes, you will un* 
derstand why the eardi is not yet drowned by the quan^ 
tity of water which has fallen upon it since its creation ; 
and you will even be convinced, that it does not con- 
tun a single drop more water now, than it did at that 
period. 

Let us consider how the clouds were originally form- 
ed. When the first rays of the sun warmed the surface 

o 
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of the earth, the heat, by separating the mrtides of wa- 
ter, rendered them lighter than the air. This,you know^ 
is the case with' steam or vapour. What t^en ensues? 

CaroUnt* When lighter tiian the sur it will naturally 
' rise ; and now I recowsct your telling us in a preceding 
lesson, that the heat of the sun transformed, the parti- 
cles of water into vapour, in consequence of which it 
. ascended into the atmosphere, where it formed clouda. 

Mrs. B, We have then already followed water 
through two of its transformations ; from water it be«- 
comes vapour, and from vapour, clouds. 

Emily. But since this watery vapour is lighter than 
the air, why does it not continue to rise ;^^d why does 
it unite again to form clouds ? . ■ '/ "^ , 

Mrs. B. Because the atmosphere diminishes in den>- '. 
sity, as it is more distant from die earth, .t The vapour^ . 
» therefore, which the sun causes to exhale, not only froq^ ; 
seas, rivers, and lakes, but likewise from the moisture 
on the land, rises till it reaches a region of air of ij^ 
. own specific gravity ; and there, you know, it will re- 
main stationary. By the frequent accession of fresh 
vapour it gradually accumulates, so as to form those 
large bodies of vapour, which we call clouds : and these, 
at length, becoming too heavy for the air to support, 
they fall to the ground. 

Caroline. They do fall to the groimd, certainly, 
when it rains ; but, according to your theory, I should 
have imagined, that when the clouds became too heavy j 
for the region of air in which they were situated to sup- :; 
port them, they would descend till they reached a :stra- ^ 
turn of air of their own weight, and not fall to the earth ; 
for as clouds are formed of vapour, they cannot be 'so 
heavy as the lowest regions of the atmosphei'e, other- 
wise the vapour would not have risen. 

Mrs. B. If you examine the manner in which the 
clouds descend, it will obviate this objection. In fall- 
ing, several of the watery particles come within the 
sphere of each other's attraction, and unite in the form 
of a drop of water. The vapour thus transformed into 
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shower, is heavier than any part of the atmosphere, 
nd consequently descends to the earth. 
Caroline. How wonderfully curious ! • 
•Mrs. B. It is impossible to consider any part of na- 
re attentively without being struck with admiration 
the wisdom it displays ; and I hope you will never 
mtemplate these wonders without feeling your heart 
^w with admiration and gratitude towards their boun- 
ous Author. Observe, that if the waters were never 
■awn out of the earth, all vegetation would be destroy- 
d by the excess of moisture ; if, on the other hand, the 
lanta were not nourished and refreshed by*ccasionaI 
bowers, the drought would be equally fatal to them. 
f the clouds constantly remained in a state of vapour, 
icy might, as you remarked, descend into a heavier 
ratum of the atmosphere, but could never fall to the 
round; or were the power of attraction more thansuf- 
;ient to convert the vapour into drops, it would trans- 
rrm the cloud into a mass of water, which, instead of 
)urishing would destroy the produce of the earth. 
Water then ascends in the form of vapour, and de- 
fends in that of rain, snow, or hail, all of which ulti- 
mately become water. Some of this falls into the ffa- 
ous bodies of water on the surface of the globe, the 
smainder upon the land. Of the latter, part reascends 
the form of vapour, part is absorbed by the roots 
vegetables, and part descends into the bowels of the 
Uth, where it forms springs. 
£milif. Is rain and spring- water then the same ? 
Jtfrs. B. Yes, originally. The only difference be- 
reen rain and spring water, consists in the foreign par- 
ries which the latter meets with and dissolves in its 
kssage through the various soil it traverses. 
, Caroline. Yet spring-water is more pleasant to the 
I8te, appears more transparent, and, I should have sup- 
oaed, would have been more pure than rain water. 
J^rs. B. No; excepting distilled water, rainwater 
the most pure we can obtain ; and it is its purity 



'bich renders it insipid, whilst the various salts and 
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fereni ingredients, dissolved in spring water, give it a 
species of fiavour, without in any dt'gree affecting its 
transparency; and th« (UtratioD it undergoes through 
(jravel and sand in the bowels of the earth, cleanses it 
from all foreign matter which it has not the power of 
dissolving. 

When rain falls on the surface of the earth, it con- 
linuefi making its way downwards through the pores and 
crevices in the ground. When several drops meet in 
th''ir subterraneous passage, they unite and form a little 
rn'ulet j this, in its progress, meets with other rivulets 
of a similar description, and they pursue their course 
together in the bowels of the earth, till ihey are stop- 
ped by some substance which they cannot penetrate. 

Caroline. But you said that water could penetrate 
even the pores of gold, and they cannot meet with a 
substance more dense ? 

Mrs. B. But water penetrates the pores of gold on!)' 
when under a strong compressive force, as in the Flo* 
rcniine experiment; now in its passage towards the 
centre of the earth, it is acted upon by no other power 
than gravity, which is not sufficient to make it force itt 
way even through a stratum of clay. This species of 
earth, though not remarkably dense, being of great te- 
nacity, will not admit the particles of water to pau. 
When water encounters any substance of this nature, 
therefore, its progress is stopped, and the pressure of 
the accumulatmg waters forms a bed, or reservoir. Thil 
will he more clearly explained by fig. 9. plate XlU. 
which represents a section, or the interior of a Wll or 
mountain. A, is a body of water such as I have de> 
scribed, which, when filled up as high as B, (by the con- 
tinual accession of water it receives from the ducts or 
rivulets O, O, «, C,) finds a passage out of the cavity, and| 
impelled by gravity, it runs on, till it makes i'ts w^ 
out of the ground at the side of the hill, and there formi 
a spring, C. 

Caroliiie. Gravity impels downwards towai'ds tw 
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•ntre of the earth ; and the spring in this figure runS 
i an horhonta! direction. 

JUrs^ B. Not entirely. There is some declivity from 
le reservoir to the spot whi;re the water issues out of 
le ground; and gravity you know will bring bodies 
3Wn an inclined plane, as well as in a perpendicular 
irection. 
Caroline. But though the spring may- descend, oa 
■St issuing, it must afterwards rise to reach the surface 
(f the earth ; and that is in direct opposition to gravity. 
Jifrs. B. A spring can never rise above thf level oi' 
LC reservoir whence it issuresj it must, therefore, find 
passage to some part of the surface of the earth that 
lower or nearer the centre than the reservoir. It is 
a£ that, in this figure, the spring rises io its passage 
wn B to C occasionally ; but this, I think, with a.lit- 
r reflection, you will be able to account for. 
Emily, Oh, yes ; it is owing to the pressure of fluids 

K wards, and the water rises in the duct upon the same 
■nciple as it rises in the spout of a tea-pot j that is to 
xy, in order to preserve an equilibrium with the water 
tthe reservoir. Now I think I understand the nature 
' springs : the water will flow through a duct, whether 
icending or descending, provided it never rises higher 
lan the reservoir. 

Mrs, B. Water may thus be conveyed to every part 
F a town, and to the upper part of the houses, if it is 
rieioally brought from a height superior to any to 
rhicli it is conveyed. Have you never observed, when 
le pavements of the streets have been mending, the 
ipes which serve as ducts for the conveyance of the 
'ater through the town ? 
Emily, Yes, frequently ; and I have remarked that 
grhen any of these pipes have been opened, the water 
kishes upwards from them with great velocity, which I 
lUppose, proceeds from ,the pressure of the water in the 
reservoir, which forces it out. 
Ckiroline. I recollect ha^■ing once seen a very curi- 
is glass, called Tantalus's (Kp ; it consists of a gobl^^ 



tQ-i ON BPBINGB, XOUNTdlKS, &C. 

£ont^ntng a small Hgure of a m^, and whatcrer quaii' 
tity of water jou pour into the goblet, it never rises 
higher than the breast of the figure. Do you know how 
that is ccfttrived ? 

Mrs. B. It is by means of a syphon, or bent tube, 
which is concealed in the body of the figure. It rises 
through one of the legs as high as the breast, and there 
turning, descends through the other leg, and from thenM 
through the foot of the goblet, where the water runs out. 
(fig. 1. plate XIV.) When you pour water into the glass 
A, it must rise in the sj-phon B, in proportion as it rises 
in the glass ; and when the glass ts filled to a level with 
the upper part of the syphon, the water will run out 
through the other leg of the figure, and will continue 
running out, as fast as you pour it in ; therefore the 
glass can never fill any higher. , 

Emiljj. I think the new well that has been made at 
our country-house, must be of that nature. We had ft 
great scarcity of water, and my father has been at con- 
siderable expense to dig a well ; after penetrating to « 
great depth before water could be found, a spring waaH 
at length discovered, but the water rose only a few feet 
above the bottom of the well ; and sumeUmes it if 
quite dry. 

Jilrs. B. This has, however, no analogy to Tantl-^ 
lus's cup, but is owing to the very elevated situation of 
your country house. 

Emily. I believe I guess the reason. There cannot 
be a reservoir of water near the summit of a hill ; as ia 
such a situation, there will not be a sufficient number 
of rivulets formed to supply one ; and without a reser- 
voir, there can be no spring. Jin such situations, ihert* ' 
fore, it ia necessary to dig very deep, in order to meet 
with a spring ; and when we give it vent, it can rise 
only as high as the reservoir from whence it flowii 
which will be but little, as the reservoir must be situf 
ted at some considerable depth below the summit « 
tlie hill. 

C^roftMv Your esplaifation appears very clear an* 
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satisfactoty ; but I can contradict it from experience* 
At tbe very top of a hill, near our country house, there 
is a large pond, and, according to your theory, it would 
be impossible there should be springs in such a situation 
to supply it with water. Then you know that I have 
crossed the Alps, and I can assure you, that there is a 
fine lake on the summit of Mount Cenis, the highest 
mountain we passed over, 

Mrs. B. Were there a lake on the summit of Mount 
Blanc, which is the highest of the Alps, it would indeed 
be wonderful. But that on Mount Cenis, is not at all 
contradictory to our theory of springs ; for this moun- 
tain is surrounded by others, much more elevated, and 
the springs which feed the lake must descend from re- 
servoirs of water formed in those mountains. This 
must also be the case with the pond on the top of the 
hill ; there is doubtless some more considerable hill in 
the neighbourhood, which supplies it with water. 

Emily. I comprehend perfectly, why the water in 
our well never rises high : but I do not understand whj 
it should occasionally be dry. 

M'Sm Bm Because the reservoir from which it flows, 
lieing in an elevated situation, is but scantil}^ supplied 
with water ; after a long drought, therefore, it may be 
drained, and the spring dry, till the reservoir be reple- 
nished by fresh rains. It is not uncommon to see springs 
£ow with great violence in wet weather, and at other 
times be perfectly dry. 

Caroline. But there is a spring in our grounds which 
more frequently flows in dry than in wet weather ; how 
is that to be accounted for i 

Mrs. B. The spring probably comes from a reser- 
voir at a great distance, and situated very deep in the 
ground: it is, therefore, some length of time before 
the rain reaches the reservoir, and another considerable 

Krtion must elapse, whilst the water is making its way, 
)m the reservoir to the surface of the earth ; so that 
the dry weather may probably have succeeded the rains 
kefore the spring begins to flow, and the reservoir ma^ 
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be exhausted by the time the wet weather sets In 
[ again. 

[ CaroUne. I doubt not but this is the case, as the 
I spring is in a very low situation, therefore the reacF- 
voir may be at a great distance from it. 

Jfrs. B. Springs which do not constantly flow, are 
called intermitting, and are occasioned by the resenotr 
being imperfectly supplied. Independently of the situ- 
ation, this is always the case when the duct or ducts 
which convey tlie water into the reservoir are smalla 
than those which carry it off. 

CaroliTie. If it runs out faster than it runs in, it will 
of course sometimes be empty. And do not rivers al- 
so derive their source from sjirings ? 

•Mrs, B. Yea, they generally take their source in 
mount^ous coimtrieB where springs are most abu» 
dant. 

Carolhie. I understood you that springs were moK 
rare in elevated situations. 

•Mrs. B. You do not consider that mountainous coun- 
tries abound equally with high and low situations. B** 
irrvoirs of water, whith are formed in the bosoms of 
mountains, generally find a vent either on their decUv[> 
ty, or in the valley beneath ; while subterraneous 
servoirs formed in a plain, can seldom find a passag? 
the surface of the earth, but remain concealed, ' 
discovered by digging a welL When a spring 
sues at the surface of the earth it continues its. 
externally, seeking always a lower ground, for H 
longer rise. ^_ 

Mmily, Then what is the consequence, if the spnift 
or I should now rather call it a rivulet, runs into a »•■' 
tuation, which is surrounded by higher ground? 

Mrs, ii. Its course is stopped, the water accuflHl' 
latea, and it forms a pool, pond, or lake, accordii _ 
' the dimensions of the body of water. The lake of 
neva, iu all probability, owes its origin to the RhoOBi' 
which passes through it: if, when this river first enter- 
ed the valley, wliich now forms the bed of the LaltSi ^ 
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found itself surrounded by higher grounds, its waters 
would there accumulate, till they rose to a level with 
that part of the valley, where die Rhone now continues 
its coiu*se beyond the Lake, and from whence it flows 
through valleys, occasionally forming other small lakes 
tin it reaches the sea. 

Emiiv. And are not fountains of the nature of 
springs: 

^ Mrs^ B» Exactly. A fountain is conducted perpen- 
dicularly upwards, by the spout or adjutage A, 
through which it flows ; and it will rise nearly as high 
as the reservoir B, from whence it proceeds. (Plate 
XIV. fi^. 2.) 

Caroline. Why not quite as high ? 
^ Mrs. B. Because it meets with resistance from the 
air in its ascent ; and its motion is impeded by friction 
against the spout, where it rushes out. 
^ Emily. But if the tube through which the water 
rises be smooth, can there be any friction ? especially 
with a fluid, whose particles yield to the slightest im- 
pression. 

Mrs. Bm Friction, (as we observed in a former les- 
son,) may be diminished by polishinc;, but can never be 
entirely destroyed ; and though fluids are less suscepti- 
ble of friction than solid bodies, they are still affected 
bv it. Another reason why a fountain will not rise so 
high as its reservoir, is, that as all the particles of wa- 
ter spout from the tube with an equal velocity, and as 
"^he pressure of the air upon the exterior particles must 
diminish their velocity, they will in some degree strike 

) against the under parts, and force them sideways, spread- 

[ xng the column into a head, and rendering it both wider 

f and shorter than it otherwise would be. 

At our next meeting, we shall examine the mechani- 

i tal properties of the air, which being an elastic fluid,. 

[. diiSera in many respects from liquids, 

\ 
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ON THE MECHANICAL PROPERTIES OF AIR. 



At our last meering we cxammed the proi 
fluids in general, and more particularly of such fltudft 
as ar<: called liquids. 

There is another class of fluids, distinguished by die 
nameof aeriform or elastic fluids, the principal ofwhid 
is the air we breathe, which surrounds the earth, mi 
n called the atmosphere. 

Emily. There are then other kinds of air, besidffl, 
the atmosphere ? 

Jfrs. B. Yes ; a great variety ; but they differ 00^ 
in their chemical, and not in their mechanical propel 
tics ; and as it is the latter wt: are to examine, we snaU. 
not at present enquire into their composition, but CM- 
fine our attention to the mechanical properties of elastic 
fluids in general. 

CnroHne. And from whence arises this difference ^ 

JVra. 0. There is no attraction of cohesion betweea 
the piirticles of elastic fluids; so that the expansive 
power of heat has no adversary to contend with but gra- 
vity J any increase of temperature, therefore, e^aiub 
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dastic fluids prodigiously, and a diminution proportion- 
ally condenses them. 

The most essential point in which air diifers from 
other fluids, is by its spring or elasticity ; that is to say, 
its power of increasing or diminishing in bulk^ accora- 
ing as it is more or less compressed : a power of which 
I have informed you liquids are almost wholly depri* 
ved, 

EmUy» I think I understand the elasticity of the 
air very well from what you formerly said of it;- but 
what perplexes me is, hs having gravity ; if it is heavy, 
and we are surrounded by it, why do we not feel its 
weight ? 

Caroline, It must be impossible to be sensible of the 
weight of such infinitely small particles, as those of 
which the air is composed: particles which are to® 
small to be seen, must \St too light to be fe^t. 

Mrs. B. You are mistaken, my dear; the air is 
much heavier than you imagine ; it is true, that the 
particles which compose it are small ; but then^ reflect 
on their quantity: the atmosphere extends ^o about the 
distance of 45 miles from the earth, and its gravity is 
auch, that a man of middling stature is computed (when 
the air is heaviest) to sustam the wieght of about 14 
tons. 

Caroline* Is it possible ! I should have thought such 
a weight would have crushed any one to atoms. 

Mrs. B. That would, indeed, be the case, if it were 
not for the equality of the pressure on every part of the 
i)ody ; but when thus diffused, we can bear even a much 
greater weight, without any considerable inconveni- 
ence. In bathing we support the weight and pressure 
of the water, in addition to that of the atmosphere ; but 
because this pressure is equally distributed over the bo- 
dy, we are scarcely sensible of it ; whilst if your shoul- 
Aers, your head, or any particular part of your frame 
were loaded with the additional weight of a hundred 
pounds, you would soon sink under the fatigue. Be- 
sides this our bodies conudn air, the spring of which 







t die ve^itof tfac ■ 
den UA less aeDuye of u* pnssurc 

CarfdiM. But if h were po«M>Jc Id rcSierc fl 
die weight of the atnMMfJiere, should I not fed ai 
Ggjiu and agile ' 

JUn. B. On die cantrarr, die air Trdun yna wt 
nig with no external prcssoFe to ivslzxin its elai^ 
would distend } our body, and at length biuMn^ 
jiarta <rhich ccnftced it, put a period to TOur existcB 

CarUivt. This weight of die atmosphere, di 
vhicfa I was so apprehensive troold cmsfa atfittaj 
reality, essential to my preserratioa. 

£mUy. I once saw a penoa cupped, and was « 
diat the swelling of the part under the cup was pnK 
ced by taking away from that part the nressure of ' 
atmosphere ; but I could not understand bow this |^ 
sure produced such an effect. 

MrM. B. The air pump affords us the means «X t 
iJting a great variety of interesting experiments «i'l 
^'— eight and pressure of the air : some of them yoaU 

ready seen. Do you not recollect, that in a vacDi 
roduced nnthin the air pump, substances of vai^ 

eights fell to the bottom in the same time ; why dl 
sot this happen in the atmosphere ? ' 

CariMnr. I remember you told us it was owiflg 
the resistance wliich light bodies meet with from the. 
during ilieir fall. 

Mrs, B. Or, in other words, to the support wtt 
they received from the air, and which prolonged 1 
time of their fall. Now, if the air were destitute 
weight, how could it support other bodies or reta 
their fall .' 

J sluill now show you some other experiments, whi 
jjlustrate, in a striking manner, both the wei^t a> 
•laHticity of air. I shall tie a peice of bladder over A 
''I^BSS receiver, which, you will observe, is open both 
the top as well as behiw, 

Caroline, Why do you wet the bladder first? 

It expands by wetting, and concracts i 
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drying ; it is also more soft and pliable when wet, so 
that I can make^ it fit better, and when dry it will be 
tighten We must^ hold it to the fire in order to dry ; 
but not too near lest'^t should burst by sudden contrac- 
tion. Let us now fix it on the air-pump and exhaust 
the air from underneath it — ^you will not be alarmed if 
you hear a noise ? 

JEmily* It was as loud as the report of a gun, and 
the bladder is burst ! Pray explain how the air i^ cofi- 
cemed in this experiment. 

Mrs. B. It is the effect of the weight of the atmos- 
phere on the upper surface of the bladder, when I had 
taken away the air from the under surface; so that 
there was no longer any reaction to counterbalance the 
pressure of the atmosphere on the receiver. You ob- 
served how the bladder was pressed inwards by the 
weight of the external air, in proportion as I exhaust- 
ed the receiver : and before a complete vacuum was 
formed, the bladder, unable to sustain the violence of 
the pressure, burst with the explosion you have just 
heard. 

I shall now show you an experiment, which proves 
the expansion of the air, contained within a body when 
it is relieved from the pressure of the external air. 
You would not imagine that there was any air contained 
within this shrivelled apple, by its appearance j but 
take notice of it when placed within a receiver, from - 
which I shall exhaust the air. 

Caroline, How strange ; it grows quite plump, and 
looks like* a fresh-gathered apple. 

Mrs. B. But as soon as I let the air again into the 
receiver, the apple you see returns to its shrivelled state. 
When I took away the pressure of the atmosphere the 
air within the apple expanded and swelled it out ; but 
the instant the atmospherical air was restored, the ex- 
pansion of the internal air was checked and repressed, 
and the apple shrunk to its former dimensions. 

You may make a similar experiment with this little 
bladder, which you see is perfectly flaccid, and appear'^ 

-p 
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to air: in this state I shall tie up the neflal 

, so that whatever ^r remains within it ma]' 

X, and then place it under the receiver. Now 

, as I exhaust die receiver, how the bladder dii- 

dbs proceeds from the great dilatation of tht 

•anil quantity of air which was inclosed ivithin the 

bladder when I tied it up ; but as soon as I let the air 

toto the receiver, that iriitch the bladder contains, con- 

'^- densei and shrii^ into its small compass tritbin the 

r. iUda of the bladder. 

' MitBgt Tbeac esperiineats are extreme!)' aroasieg, 
laid Aley tSorA clear proafe both of the weight and etis- 
' ticity M the air ; but I should like to know txacd}' hou 
iBudt die air weighs. 

J&a. B. A colomn of air reaching to the top of the 
atmosphere, and whose base i; a square inch, frdgha 
ISlbs. when the air is heaviest ; therefore every square 
inch of our bodies sustains a weight of 15lbs. : and if 
you wish to know the weight of the whole of the atmos- 
phere, you must reckon how many square inches diere 
are on the surface of the globe, and multiply them by IS. 
Emily. But are there no means of ascertaining the 
weight of a small quantity of air ? 

Mn. B. Notliing more easy. I shall exhaust the 
air from this little botde by means of the mr-pump ; ami 
having emptied the botUe of air, or, in other words, pro- 
duced a vacuum within it, I secure it by turning tlui 
screw adapted to its neck: we may now find the exad 
weight of this botde, by putting it into one of the scsln 
of a balance. It weighs you see just two ounces; but 
when I turn the screw, so as to admit the air into tbe 
bottle, the scale which contains it preponderates. 

Caroliftf. No doubt.the bottle filled with air, is he*' 
Tier than the bottle void of air; and the additioiuil 
weight required to bring the scales again to a balance, 
must be exacUy that of the air which the botde no* 
cont^ns. 

Mrs, B. That weight, you see, is almost two gniosi 
The dimensions of this botde ere six cubic inches. Six 
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cubic inches of air, therefore, at the temperature of this 
room, weighs nearly 2 grains. 

Caroline* Why do you observe the temperature of 
the room, in estimating the weight of the air f 

Mrs* B, Because heat rarities air, and renders it 
lighter ; therefore the warmer the air is which you 
weigh, the lighter it will be. 

If you should now be desirous of knowing the speci- 
fic gravity of this air, we need only fill the same bottle 
with water, and thus obtain the weight of an equal 
quantity of water — ^which you see is 1515 grs. ; now by 
comparing the weight of water to that of air, we find it 
to be in the proportion of about 800 to 1. 

I will show you another instance of the weight of the 
atmosphere, which I think will please you : you know 
what a barometer is ? 

Caroline. It is an instrument which indicates the 
state of the weather, by means of a tube of quicksilver ; 
but how, I cannot exactly say. 

Mrs, B, It is by showing the weight of the atmos- 
phere. The barometer is an instrument extremely sim» 
pie in its construction : in order that you may under- 
stand it, I will shew you how it is made. I first fill a 
glass tube A B, (fig. 3. plate XIV.) about three feet in 
length, and open only at one end, with mercury ; then 
stopping the open end with my finger, I immerse it in 
a cup C, containing a little mercury. 

Emily. Part of the mercury which was in the tube, 
I observe, runs down into the cup ; but why does not 
the whole of it subside in the cup, for it is contrary to 
the law of the equilibrium of fluids, that the mercury in 
the tube should not descend to a level with that in the 
cup? 

Mrs. B. The mercury that has fallen from the tube 
into the cup, has left a vacant space in the upper part 
of the tube, to which the air cannot gain access ; this 

Sace is therefore a perfect vacuum ; and consequently 
e mercury in the tube is relieved from the pressure of 
the atmosphere, whilst that in the cup remains exposed 
to it. 
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Cantitu. Oh, now I nnderatand it ; the presaureof 
Ae air on the mercury in the cup forces it to rise in the 
tabe, where it sustains no pressure, 
1.- -£ini/y. Or rather supports the mercury in the tulje, 
and prevents it from falling. 

JUts. B. That comts to the same thing ; for Ae 
power that can support mercury in a vacuum, would 
sbo make it ascend when it met with a vacuum, 

.Thus you sec, that tlte equilibrium of the mercury is 
lestroyed only to preserve the general equilibrium of 
flsids. 

Caroline. But this simple apparatus is, in appear- 
ance, very unlike a barometer. 

tVrs. B. It is all that is essential to a baroinettr. j 
ITie lube and the cup or vase a re fixed on a t 
the convenience of suspC 
atcd for the puipose of fl ____ 
the mercury stands in Uie t 
able metal plate serves to shew diatliri{^ iriAgfokr 
accuracy. ■ . . - 

Ewilv. And ^t vhat height will' die wag^of 'it. 
atmosphere sustain the mercury ? - ;, 

JHn. S. About 28 inches, as you will bcc hv 'Ait 
barometer ; but it depends upon me weight of tne it 
mospherc, which varies much according to tfae atate of 
the weatlier. The greater the pressure of the aa: «* 
the mercury in the cup, the higher tt will ascend indc 
tube. Now can you tell me whether the ur is faearier 
in wet or in dry weather? 

CaroUne. Without a moment's refiectioo, i3k MC 
must be heaviest in wet weather. Zt is bo d^irenbtfi 
and makes one feel so heavy ; while in fine wcatherf ^ 
feel as light as a feather, and as brisk as a bee. 

JUrs. B. Would it not have been better to haye •>>' 
swered with a moment's reflection, Caroline ? It would 
have convinced you, that the air must be heaviest >■> 
dry weather, for it is then, that ihe mercury is fiMmd to 
rite in the tube, and' consequently the mercury in dK 
eup must be most pressed by the tax ; and you know, 
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that we csiimate the dryness and fuirnesa of the wea- 
"her, by the height of the mercury in the barometer. 

Caroline. "Why then does the air feel so heavy in 
ixid weather i 

Mr*. B. Because it is less salubrious when impreg- 
Dated with damp. The lungs under these circumstan- 
"*B do not play ao freely, nor does the blood circulate 
m well : thus obstructions are frequently occasioned in 
the smaller vessels, from which arise colds, asthmas^ 
agues, fevers. Etc. 

Emily. Since the atmosphere diminishes in den- 
!«ly in the upper regions, is not the air more rare upon ' 
a hill than in a plain ; and does the barometer indicate 
this difference ? 

JSts, B. Certainly. The hills in this country are 
lot sufficiently elevated to produce any very considera- 
ble effect on the barometer ; but this iustrument is so 
its indications, that it is used for the purpose 
Bf measuring the height of mountains, aiid of estimat- 
ing the elevation of balloons. 

Emily. And is no inconvenience experienced from 
flic thinness of the air in such elevated situations i 

Mrs. B. Oh, yes ; frequently. It is sometimes op- 
pressive, from being insufficient for respiration ; and the 
^pansion which takes place in the more dense air con- 
buned within the body is often painful: it occasioo& 
distension, and sometimes causes the bursting of the 
nnaller blood-vessels in the nose and ears. Besides, in 
»ach situations, you are more exposed both to heat and 
cdd i for though the atmosphere is itself transparent, 
^its lower re^ons abound with vapours and exhalations 
from the earth, which float in it, and act in some de- 
gree as a covering, which preserves us equally from the 
intensity of the sun's rays, and from the severity of the 
cold. 

CoroiMic. Pray, Mrs. B., is not the thermometer 
CMistructcd on the same principles as the barometer ? 

JMrs. B. Not at all. The rise and fall of the fluid 

in the thermometer is occasioned by the expansiTQ 

-PS 




I, and tile condensation produced by cold : 
■ BO acccf & to h. An explanation of it would, 
Ikncfate, be irrelevant to our preT^cDt subject. 

MmSf. I Itart: betn rcSccting, that -.ince it is the 
W^^tpi At atmosphere which supports the nocrcuiy 
B me tube at a baromtcer, it w&iUd support a coliunii 
cf H^ dker Quid in the same niuiner. 

JUrttM. Ccrtainl>'; but as mercury- is heavier dian 
I odier fluids, it wUl support a hi§ht.r column of any 
frer ttii^ for two fluids are in equilibrium, when 
mat hnriMTaries inversely as their densities. We find 
Am wdgK of the atmosphere is equal to sustaining; a 
•olaimcf water, for instance, of no less tban 33 feet 
ibavc ili level. 

CSwInu; Theweightof theatnaoaphcre, is tfaeD,» 

-«pmt as llMt of a body of water the depth of 32 feet! 

■Mn. A Preusdy; for a column of air of the 

bright '4fdte atmosphere is equal to a column of tfater 

of 3S fctt, OF one of mercury- of 28 inches. 

The common pump is constructed on this principle. 
By the act of pumping, the pressure of the atmosphere 
Is taken off die water, which, in consequence, rises. 

The body of a pump consists of a large tube or pipe, 
whose lower end is immersed in the 'water which it is 
designed to raise. A kind of stopper, called a piston, 
is fitted to this tube, and is made to slide up and down 
it by means of a metallic rod fastened to the centre of 
the piston. 

EmUy. Is it not similar to the syringe, or sqoirti' 
with which you first ilraw in, and then forc£ out water! 

•tfrs. B. It is ; but you Imow that we do not wiA 
to force the water out of the pump, at the same end tf 
the pipe at which we draw it in. The iutenticHi of ■ 
pump is to raise water from a spring or well ; the p^ 
IS, tnerefore, placed perpendiculariy over the watts' 
which enters it at the lower extremity, and it issues tf 
a honzontal spout towards the upper part of the pump. 
The pump, > uierefore, is rather a more «nnplic«K4 
piece of aMchinery dun the syringe. 
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Its various parts are delineated in this figure : (fig. 4. 
plate XIV.) A B is the pipe or body of the pump, P 
the piston, V a valve, or little door in the piston, wliicli 
opening upwards, admits the water to rise through it, 
but prevents its returning, and Y a similar valve in the 
body of the pump. 

When the pump is in a state of inaction, the two valves 
are closed by their own weight ; but when, by drawing 
down the handle of the pump, the piston ascends, it 
raises a column of air which rested upon it, and pro- 
duces a vacuum between the piston and the lower valve 
Y, the air beneath this valve, which is immediately 
over the surface of the water, consequently expands, 
and forces its way through it ; the water, then, relieved 
from the pressure of the air, ascends into the pump. 
A few strokes of the handle totally excludes the air 
from the body of the pump, and fills it with water, 
which, having passed through both the valves, runs out 
at the spout. 

Caroline, I understand this perfecdy. When the 
piston is elevated, the air and the water successively 
rise in the pump ; for the same reason as the mercury 
.rises in the barometer. 

Emily^ I thought that water was drawn up into a 
pump, by suction, in the same manner as water may be 
sucked through a straw. 

Mrs. B. It is so, into the body of the pump ; for th6 
power of suction is no other than that of producing a 
vacuum over one part of the liquid, into which vacuum 
the liquid is forced, -by the pressure of the atmosphere 
on another part. The action of sucking through a straw, 
consists in drawing in and confining the breath, so as to 
produce a vacuum in the mouth; in consequence of 
which, the air within the straw rushes into the mouth, 
and is followed by the liquid, into which the lower end 
of the straw is immersed. The principle, you see, is 
the same ; and the only difference consists in the mode 
of producing a vacuum. In suction, the muscular pow- 
ers answer the purpose of the piston and valve. 
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SMify. Water canoot, then, be raised by a puna 
iibovc 3S feet ; for ihe pressure of the atmosphere vril 
not sustain a column ot water above that height, 

Mrt. B. 1 beg your pardon. It is true that then 
must never be so great a distance as 32 feet from ^ 
level of the water in the well, lo the valve in the pistODi 
otherwise the water would not rise through that valvt; 
but when once the water has passed that opening, it b 
DO longer the pressure of air on the reservoir whkh 
makes it ascend ; it is raised by lifting it up, as you 
would raise it in a bucket, of which the piston formed 
the boUom. This common pump is, therefore, called 
the sucking, or lifting-pump, as it is constructed on bolk 
these principles. There is another sort uf pump, cafl- 
ed the forcing-pump: it consists of a forcing powa 
added to the sucking part of the pump. This addi- 
tional power is exacdy on the principle of the aj-ringei 
by raising the piston you draw the water into the punip, 
and by descending it you force the water out. 

Carbine, But the water must be forced out at tht 
upper part of the pump ; and I cannot conceive hot 
that can be done by descending the piston. 

.Vrs. B. Figure 5. pi. XIV. will explain the diiBcill- 
ty. The large pipe A B represents the sucking paiiof 
the pump, which differs from the lifting-pumpf only ii 
its piston P being unfurnished with a valve, in coase 
quence of which the water cannot rise above it. Whe* 
therefore, the piston descends, it shuts the valve Y,aiU 
forces the water (which has no other vent) into the pip* 
D: this is likewise furnished with a valve V, wKieni 
opening outwards, admits the water, but prevents iB 
return. 

ITie water is thus first raised in the pump, and then 
forced into the pipe, by the alternate ascending and de* 
scending motion of the piston, after a few strokes of the 
handle to fill the pipe, from whence the water issues «t 
the spout. 

It is now time to conclude our lesson. When nert 
I shall give you some account of wind, and rf 
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sound, which will terminate our observations on elastip 
iSuids. 

Caroline. And I shall run into the garden, to have 
the pleasure of pumping, now that I understand the 
construction of a pump. 

J^s. B. And, to-morrow, I hope you will be able to 
tell me, whether it is a forcing or a common lifting 
pumf). 



\ 




Well, CaroUne, have you ascertained what kbtdt 
pump you have in your garden ? 

Caroline. I think it must be merely a lifting-punui, 
because no more force is required to raise the hantOe 
than is necessary to lift its weight i and in a forcing- 
pump, by raising the handle, you force the water into 
the smaller pipe, and the resistance the water offi;n 
must require an exertion of strength to overcome it. 

^rs. B. I make no doubt you are right i for Ufciiig 
pumps, being simple in their construction, are by bt 
the most common. 

I have promised to day to give you some account of 
the nature of wind. Wind is rothing more than the 
motion of a stream or current of air, generally produc- 
ed by a partial change of temperature in the atmosphere ; 
for when any one part is more heated than the rest, 
that part is rarefied ; the equilibrium is destroyed, and 
the air in consequence rises. When this happens, there 
necessarily follows a motion of the surrounding air Ifr- 
wards that part, in order to restore it j this spot there* 
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fore, receives winds from every quarter. Those who 
live to the north of it experience a north wind ; those 
to the south, a south wind : — do you comprehend this ? 

Caroline. Perfectly. But what sort of weather must 
those people have, who live on the spot where these 
winds meet and interfere ? 

Mrs. B. They have turbulent and boisterous wea- 
ther, whirlwinds, hurricanes, rain, lightning, thunder, 
&c. This stormy weather occurs most frequently in 
the torrid zone, where the heat is greatest : the air be- 
ing more rarefied there than in any other part of the 
globe, is lighter, and consequently ascends ; whilst the 
air about the polar regions is continually flowing from 
the poles, to restore the equilibrium. 

Caroline. This motion of the air would produce a 
regular and constant north wind to the inhabitants of 
the northern hemisphere ; and a south wind to those of 
the southern hemisphere, and continual storms at the 
equator, where these two adverse winds would meet. 

Mrs. B. These winds do not meet, for they each 
change their direction before they reach the equator. 
Tlie sun, in moving over the equatorial regions from 
east to west, rarefies the air as it passes, and causes the 
denser eastern air to flow westwards^ in order to restore 
the equilibrium; thus producing a regular east wind 
about the equator. 

(ktroliTie. The air from the west, then, constantly 

Sies to meet the sun, and repair the disturbance which 
8 beams have produced in the equilibrium of the at- 
mosphere. But I wonder how you will reconcile these 
various winds, Mrs. B. : you first led me to suppose 
there was a constant struggle between opposite winds 
at the equator, producing storm and tempest ; but now 
I hear of one regular invariable wind, which must na- 
turally be attended by calm weather. 

Emily. I think I comprehend it : do not these winds 
from the north and south combine with the easterly 
wind about the equator, and form what are called the 
Irade-winds ? 



.¥rf . B. T j^t =.: , 3.V di;ir. T-c Cfir.posidqri of the 
rrc "sri-di n.:n." s-i eait, ^ric-ii* i cciistani north- 
east »:nd ; and it.:-': cf "ri* r=r; vliiii= sxidb. and. east, 
produce* a rtr-i'ar =«: -::i:i-c;ist iriiid ; rhcse vinds tx- 
t=7.d to ah/: It trJrr/ dc rr=£* :n ciia iidi of the equator, 
the r-^,^.T.s further dii'-m: :rr?:!i ic cJiperiencing only 
their r-^^cctive r.orth and sciiih ^indr. 

OirAint. Bui >Ir^. B- if th^ air is constandr flow- 
ir.z froni the poles to the torrid zcac, there must be ^ 
efficiency ox air in the polar re^-iocs^ 

*Vr.*. B, The light air 200^1 the eq^-iator, which ex- 
V.and-1 and rises into the uo::er rezioas of the atmos- , 
pherc-, ultimately flows from chence back to the poles, 
to rc:>tore the equilibrium : if it were not for this re- 
-ourc':, the pclar atmospheric regions would soon be ex- 
haust'.cl by the stream of air, which, in the lower strata 
',i ih-: atn.osr.here, thrv are c'liiStandv sending towards 

I 

(Jjr.Auft. 'Lh'.T's 15 then a sort of circulation of air 
.:i Ui-: ittiiiosy/nerc ; ih-j ^ir in the lower strata flowiDg 
from tht: j)oles towards the equator, and in the up- 
.)'.v htrata, flowing back from the equator towards the 

•V7*.S". //. Plxactly : I can show you an example of 
rriis circulation on a small scale. The air of this room j 
Scingmorc rarefied then the external air, a wind or cur- i 
rent f if air is pouring in from the crevices of the win- 
<lo\vs and doors, to restore the equilibrium; but the 
iij;ht air with which the room is filled must find some i 
.erit, in order to make way for the heavy air that enters. I 
If you set the door a-jar, and hold a candle near the up- I 
per part of it, you will find that the flame will be blown ^ 
f)utwards, showing that there is a current of air flowing ; 
out from the u])per part of the room. — Now place the 
( ancUe on the floor close bv the door, and you wiU per- 
< eive, by the inclination oAhe flame, that there is also 
ii ( iirrent of air setting into the room. ^ 

Caroline. It is just so ; the upper current is the i 
vv;inu light air, which is driven out to make way for the f 
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Iream oF cold dense air which enters the room lower 
itiwn. 

'Emily, I have heaid, Mrs. B., that the periodical 
Kada are not so regular on land as at sea ; what is the 
eason of that ! 

ijfrs. B. The land reflects into the atmosphere a 
Juch greater quantity of ihe sun's rays than the water ; 
krefore, that part of the atmosphere which is over the 
JHid, is more heated and rarefied than that which is over 
sea ; this occasions the wind to set in upon the land, 
ve find that it regularly does on the coastof Guinea, 
id other countries in the torrid Eone. 
Smilij. I have heard much of the violent tempests 
asioned by the breaking up of the monsoons; are 
, they also regular trade-winds i 
Mrs. B. They are called periodical trade-winds, as 
c^iange their course every hidf yeai-. This varia- 
is produced by the earth's annual course round the 
when the noith pole is inclined towards that lunii- 
one half cf the year, the south pole the other half, 
iiig the summer of the northern hemisphere, the 
tutnes of Arabia, Persia, India, and China, are much 
bated, and reflect great quantities of the sun's rays in- 
the atmosphere, by which it becomes extremely rare- 
Id, and the equilibrium consequently destroyed. In 
der to restore it the air from the equatorial southern 
'ions, where it is colder, ^as well as from the colder 
(rthern parts,) must necessarily have a motion towards 
use parts. The current of air from the equatorial re- 
mis produces the trade-winds for the first sLs months, 
all riie seas between the heated continent of Asia, 
d the equator. The other six months, when it is sum- 
tt m the southern hemisphere, the ocean and coun- 
lea towards the southern tropic are most heated, and 
B iur over those parts more rarefied: then the air 
out the equator alters its course, and flows exactl)' in 
; opposite direction. 

Caroline. This explanation of the monsoons is vely 
rious J but what docs their breaking up mean ? 
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.Vn. B. It is the name gives hv sailors to the shUi- 
tng of the periodical winds j ifaej' do Dot change their 
course suddenly, but by degrees, as the sun moves tma 
otic hemisphere to the other: this change is usually at- 
tended by storms and hurricanes, \'ery dangerous for 
shipping i so that those s«as are seldom na^'igated at 
this season of the equinox. 

Emiiif. 1 think I understand the winds in the torrid 
Sfone perfectly well ; but what is it that occasions the 
great varietj- of winds which occur in the tempenti 
zones ? for, according to your theory, there should be 
only north and south winds in those climates. 

Mrs. B. Since so large a portion of the atmoapliere 
as is over the torrid zone is in continued agitatjon, 
these agitations in an elastic fluid, which yields to the 
slightest impression, must extend cverj' way to a gnd* 
disianct^ ; the air, therefore, in all climates, will suffer 
more or leas perturbation, according to the situation of 
the country, the position of mountains, valleys, and > 
variety of other causes : hence it is easy to conccire^' 
that almost every climate must be liable to variaUc 
winds. 

On the sea-shore, there is almost always a gentle sei- 
breeze setting in on the land on a summer's evening, to 
restore the equilibrium which had been disturbed Iqr 
reflections from the heated surface of the shore during 
tlie day ; and when night has cooled the land, and coo* 
densed the air, we generally find it towards moniitig, 
flowing back towards the sea. 

Caroline. I have observed, that the wind, whicbcvo' 
way it blows, almost always falls about sun-set. 

Jifrs. B. Because the rarefaction of air in the parti- 
cular spot which produces the wind, diminishes as'tlic 
sun declines, and consequently the velocity of the v'ai 
nbatea. 

Emit}}. Since the air is a gravitating fluid, is it wM 
afl'ectcd by the attraction of the moon and the sua, la 
the same manner as the waters ? 

Mrs, B. Undoubtedly-; but the aerial tides we V 
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much greater than those of water, as the density of wa- 
ter exceeds that of air, which, as you may recollect, wc 
found to be about 800 to 1. 

Caroline. What a prodigious protuberance that must 
occasion ! How much the weight of such a column of 
air must raise the mercury in the barometer ! 

EmUy. As this enormous tide of air is drawn up 
and supported, as it were by the moon,' its weight and 
pressure, I should suppose, would be rather diminish- 
ed than increased i 

Mrs. B. The weight of the atmosphere is neither 
increased nor diminished by the aerial tides. The moon's 
attraction augments the bulk as much as it diminishes 
the weight of the column of air ; these effects, therefore, 
counteihalancing each other, the aerial tides do not af- 
fect the barometer. 

Cardine. I do not quite understand that. 

Mrs. B. Let us suppose that the additional bulk of 
air at high tide raises me barometer one inch ; and on 
the other hand, that the support which the moon's at- 
traction affords the air dimin^hes its weight or pessure, 
so as to occasion the mercury to fall one inch ; under 
these circumstances the mercury must remain stationa- 
ly. Thus, you see, that we can never be sensible of 
aerial tides by the barometer, gn account of the equality 
of pressure of the atmosphere, whatever be its height. 

The existence of aerial tides is not, however, hypo- 
thetical ; it is proved by the effect they produce on the 
apparent position of the heavenly bodies ; but this I 
cannot explain to you, till you understand the proper- 
ties of light. 

Emily. And when shall we learn them ? 

Mrs. B. I shall first explain to you the nature of 
sound, which is intimately connected with that of air ^ 
and I think at our next meeting we may enter upon the 
subject of optics. 

We have now considered the effects produced by the 
wide and extended agitation of the air ; but there is 
another kind of agitation of which the air is susceptible 



— 1 hzn "f '* .'r.TTiZr.Ty :rcx.*Lrz 3:ioci«:-c 'yiich, schkiflg 
r. V.': ir^zi -.: v.c ear zyjizct^ i^iaMj.. 
'*:-.'f"y. I'. r.:t ;.:'-ji'i pr-C-ced cj sclld bodies? 
-.-t ■ :.:- -.1 ir.:22i^t, tze nrr--* ::t cell*, ciiisical in- 

.-r-« :;r- -/'. s.-'--* -.-.-:t^«« J kn-IV cfoO SGUXld but 



.'/r*. <^. S-MT i, I ££2ur»; } :,:• rf =:il':* from a trcmu- 
o-« rr.'.'-i^n cf the iir ; stnd :h>i sonorcus todies vou enu- 
./.crate, are zr.ertir the iz-str^aents zy yrhich that pecu- 
"ir -.p.ec;rs cf ^r.•J:i^n is ccsinijuiiiicd lo the air. 

Cfl'^o^>.f. "VVhit I when I ring this iitde bell, is it ti&e 
'/.7 that s<,undi, and not the bell .' 

•Vrj. J3. Bct^ the bell and the air are concerned b 
:he production of sound. But scund, strictly speakingi 
.« a perception excited in the mind by the motion « 
'he sir on the ner\-es of the ear ; the air, therefore, as 
.Tell as the sonorous bodies which put it in modon, 'i&^ 
'.r.'.y the cauoc of sound, the immediate effect is produ- 
ced \y the sense of hearing : for without this sense, 
T.erj would be no sound. 

Erdi'ij^ I can with difficulty conceive that. A per- 
,cn bom deaf, it is true, has no idea of sound, because 
he hears none ; yet that does not prevent the real ex- 
I'tence of 30und, as all those T,ho arc not deaf can tes- 

'•*>• . 1 

.Vr.i. R, I do not doubt the existence of sound to • 

.11 those V, ho pr;h5e.>s the sense of hearing ; but it exists 

r.^ithci* in the sonorous body nor in the air, but in the 

•.nlr.d tj'l tlie person whose ear is struck by the vibratory 

niOtion of the air, produced by a sonorous body. 

To convince you that sound does not exist in sonor* 
ous bodies, but that air or some other vehicle is neces- 
sary to its production, endeavour to ring the little beU, 
after I have suspended it under a receiver in the air- 
pump, from which I shall exhaust the air 

Caroline, This is indeed very strange : though I 
agitate it so violently, it does not produce the least 
**.ound. 

vlfr«« Bn By exhausting the receiver, I have cut oif 
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comcQunicatton between the air and the bell ; the 
itter, therefore, cannot impart its motion to the air. 

Caroline. Are you sure that it is not the glass, which 
ivers the bell, (hat prevents our hearing it i 

Mrs. B, That you may easily ascertain by letting 
le air into the receiver, and then ringing the bell, 

Caroline. Very true : I can hear it now almost as 

id as if the glass did not cover it ; ami I can no Ion- 
doubt but that air is necessary to the production of 
Sound. 

•Urji. B. Not absolutely necessary, though by far 
iC most common vehicle of sound. Liquids, as well as 
rare capable of conveying the vibratory motion of a 
iDOrous body to the organ of hearing ; as sound can 
I heard under water. Solid bodies also convey sound, 
|.| can soon convince you by aveiy simple experiment, 
.shall fasten this siring by ihe middle round the pokerf 
t»w raise the poker from the ground by the two ends 
f the string and hold one to eachof your ears:' — I shall 
Jw strike the poker with a key, and you will find that 
iC'SOund is conveyed to the ear by means of the strings, 
[a much more perfect manner than if it had no other 
ihicle than the air. 

• Caralifie. That it is, certainly, for I am almost slon- 
[J by the noise. But what is a sonorous body, Mrs. 
A for all bodies are capable of producing some kind 
r sound by the motion they communicate to the air. 
■ Mrs, B, Those bodies are called sonorous, which 
ip4ucc clear, distinct, regular and durable sounds, 
ich as a bell, a drum, musical strings, wind-instru- 
jBnts, &c. They owe this property to their elasticity ; 
If an elastic body, after having been struck, not only 
rtuins to its former situation, but having acquired mo- 
mtuiQ'by its velocit}', like the pendulum, it springs 
At on the opposite side. If I draw the string A B, 
bkhia n\ade fast at both ends to C,it will not only r?- 
Im to its original position, but proceed onwards to D, 
■This is its first vibration, at the end of which it will 
Ctaii} Kifficient velocity to bring it to E, an4,fa|^AgMB 
ft^ ^ 
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Uiecchool my voice behind our house islieard 
pl^ucr by you than it ia by mc, when we suad 
opposite ends oi'the gravel walk. My voice, or rathei', 
I ahould say, the vibrations of air it occasions, fitll ob- 
Uquely on the wall of the house, and are reflected byit 
to the opposite end of the gravel walk. 

Emily. Very true j and we have observed, ihU 
when wc stand in the middle of the walk, ^poaitethe 
house, the echo returns to the person who spoke. 

Mrs. B, Speaking-trumpets are constructed on ^ 
principle of the reflection of sound. The voice, instead 
of being diffused in the open air, is confined within iht 
trumpet; and the vibrations, which spread and lilt 
against the sides of the instrument, are reflected accord^ 
ing to the angle of incidence, and fall into the directiot 
of the vibrations which proceed straight forwards. The 
whole ot the vibrations are thus collected into a fbcUEl 
and if the ear be situated in or near that spot, the soilH 
13 prodigiously increased. Figure 7. plate XiV. wffl 
give you a clearer idea of the speaking trumpet : At 
reflected rays arc distinguished from those of inctdeiwl', 
by being dotted; and they are brought to a focus atF. 
The trumpet used by deaf persons acts on the samt' 
principle j but as the voice enters the trumpet at M 
large, instead of the small end of the instrnment, it ft 
not so much confined, Dor the sound so much increnutlt . 

Emily. Are the trumpets used as musical bistm* 
nients, also constructed on this principle i 
, JSrs. B. So far as their form tends to increase th* 
sound, they are ; but, as a musical instrument, the tnHl^ 
pet becomes itself the sonorous body, which is madf tt 
vibrate by blowing into it, and communicates its rifaiV 
tions to the air. 

I wiU attempt to give you, in a few words, sonWiw* 
tion of the nature of musical sounds, which, as youin 
fond of music, must be iotcfesting to you. 

If a sonorous body be struck in such a manner, t^' 
Us vibrations are all performed in regular times, the vi- 
brations of the air will correspond with them j and 5)ti' 
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king ia th« same regular manner on ihe dnim of the ear, 
will produce Uie same uniform sensation on ihe auditory 
nerve, and excite the same uniform idea in the mind ; or, 
in other words, wc shall hear one musical tone. 

But if the vibrations of the sonorous body are irregu- 
lar, there will necessarily follow a confusion of aerial 
L vibrational for a second vibration may commence be- 
fbre the first is finished, meet it half way on its return, 
interrupt it in its course, and produce harsh jarring 
sounds, which are called discords. 

Bmiiy. But each set of these irregular vibrations, if 
repeated at equal intervals, would, 1 suppose, produce 
a musical tone ? It is only their irregular successioo 
Vrhich makes them interfere, and occasions discord. 

Mrs. B, Certainly. The quicker a sonorous body 
vibrates, the more acute, or sharp, is the sound produ- 

Caroline. But if I strike any one note of the piano- 
forte repeatedly, whether quickly or slowly, it alway* 
'vcs the same tone. 
Mrs. B. Because the vibrations of the same string, 
at the same degree of tension, are always of a similar 
duration. The quickness or slowness of the vibrations 
relate to the single tones, not to the various sound* 
which they may compose by succeeding each other. 
"Itriking the note in quick succession, produces a more 
tquent repetition of the tone, but does not increase 
le velocity of the vibrations of the string. 
The duration of the vibrations of strings or chords, 
I depends upon their length, their thickness or weighti 



and their degree of tension : thus, you find, the low 
bass notes are produced by long, thick, loose strings j 
and the high treble notes by short, small, and light 
strings. 

CaroliHt. Then the different length and size of the 
strings of musical instruments, serves to vary the dura- 
tioQ of the vibrations, and consetjueotly, the acutencBl 
or gravity of the notes ? 
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J6%, B, Yea. i^mri, Ac wrietF of tooes, lhat 
»e •one which, waadcd topdwr, please the ev, pn- 
duou what «rc aH bmoaiTt or coararti. This ari>a 
6oB Uk agT Mia c ut of ihc Tflmaions of the tiro sonor^ 
aasbtxlJcs; wo AafowK of the ^flg a ti a us of each write 

yie die eu- at the nine iibk. Tfam, if the vibtatiai' 
two ttriags are performed in equal dm^ the same 
loBe is prxxibccd by bodt, and they " * 
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Smulj. Nov, dicn, I midersiaiid why, when I tiBie 
my harp in unisoo widi the piano-fbrte, I draw the 
Strings tighter if ti is too low, or loosicn thent if it ii 
at too high a pilch : it is in order to hnag them to vi- 
brate, in equal times, with the strings of the ptana- 
forte. 

■tt^, B, But coQCord, you know, is not confined la 
unison ; for two different tones harmonize in a variety 
of cases. If the liliratioos of one siring for sonorous 
body whatever) vibrate in double the time of anothSj 
the second vibration of the latter will strike upon the' 
ear at the tame instant as the first vibration of the for-, 
mcr ; and this is the concord (■( an octave. 

If the vibrations of two strings are as two to three. 
Ihe second vibration of the first corresponds with ihe ' 
third vibration of the latter, producing the harmoQf 
called a fifth. 

Caruline. So, then, when I strike the key-note witk ■ 
its fifth, I hear every second vibration of one, and eve- 
ry third of the other at the same time ! 

Mrt. B. Yea ; and the key-note struck with tlie 
fourth is likewise a concord, because the vibrations art 
as three to four. The vibrations of a major third wiA 
the key-note, are as four to five ; and those of a miner 
third, as five to six. 

There are other tones, which, though they cannot be 
Struck together without producing discord, if stnict 
■ucccssively, give us the pleasure which is called me- 
lody. Upon these jfcneral principles the acience af tna> 
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is founded ; but I am not sufficiently acquainted 
I it to enter any further into it. 
Tq shall now, uierefore, take leave of the subject of 
id ; and, at our next interview, enter upon, that of 
:s, in which we shall consider the nature of visioa^ 
L and colours. 



CONVEKSATION XIV. 



1 toNffl to begin our Icsaon to day, Mrs. 
pect that it will he very entertaining. 

^rs. B. Optica is certainly one of the most ii 
ing branches of Natural Philosophy, but not oi 
easiest to understand ; I must therefore beg t 
will give me the whole of your attention. 

I shall first inquire, whether you comprehet 
meaning ofa litmintms body, an opaqucbody, and» 
parent body. 

Carolinf:. A luminous body is one that shiiti 
opaque .... 

Mrs. B. Do not proceed to the second, until irt^ 
have agreed upon the definition of the first. Allbodiei 
that shine are not luminous; for a luminous body li 
one that shines by its own light, as the sun, the fire, ■ 
candle, &tc. 

Emily. Polished metal then, when it shines with so 
much brilliancy, is not a luminous body ? 

JIfrs. B. No, for it would be dark if it did not re- 
ceive light from a luminous body j it belongs, therefiwe, 
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to the class o£ opaque or dark bodies, which compre- 
hend all such as are neither luminous nor will admit the 
- light to pass through them. 

Emily. And transparent bodies, are those which 
admit the light to pass through them ; such as glass and 
water. 
M's. B» You are right. Transparent or pellucid 
-.< bodies, are frequently called mediums ; and the rays of 
. light which pass through them, are said to be transmit- 
ted by them. 
Light, when emanated from the sun, or any other lu- 
f.- minous body, is projected forwards in straight lines in 
' txery possible direction ; so that the luminous body ia 
not only the general centre from whence all the rays 
^ proceed ; but every point of it may be considered as a 
; centre which radiates light in evexy direction. ;(Fig, 1. 
; iJate XV.) 

^ ,. Emily. But do not the rays which are projected in 
;i4iflFerent directions, and cross each other, interfere and 
impede each other's course ? 

Mrs. B. Not at all. The particles of light are so 

extremely minute, that they are never known to inter- 

;*fere with each other. A ray of light is a single line of 

^■i light projected from a luminous body ; and a pencil of 

:' rays, is a collection of rays, proceeding from any one 

^ point of a luminous body, as Hg. 2. 

Caroline. Is light then a substance composed of par- 
ticles like other bodies? 

• 

Mrs. B. That is a disputed point, upon which I can- 
not pretend to decide. In some respects, light is obe- 
dient to the laws which govern bodies; in others, it 
appears to be independent of them : thus though its 
course is guided by the laws of motion, it does not seem 
to be influenced by those of gravity. It has never been 
discovered to have weight, though a variety of interest- 

iing experiments have been made with a view of ascer- 
taining that point ; but we are so ignorant of the inti- 
mate nature of lig^t, that an attempt to investigate it 
would lead us into a labyrinth of perplexity^ \f ti^\. tA 

R 
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■^iipenics of light which arc wrll ascertained. '' 

Let us return to the examinaiion of the eflects oP 

- radiation ol light from a iumiooas body. ' Since the r 

of light are projected in straight liaes, when thcf in 

with an opaque body through which they are unabk 

, pass, they .trc stopped short in their course; for tl 

^ cannot move in a cune line round the body. 

Can^ine. No, certainly ; for it vould require so 
other force besides that of projection, to produce 
tion in a curvt; line. 
_, Mrs. B. The interruption of the rays of light, 
' ihc opaque body, produces, thereftwe, darkness oo 
Opposite side of it ; and if this darkness fall upon a w 
a Btieet of paper, or any object whatever, it form 
shadow. 

fniily. A shadow then is nothing more than dii 
cess produced by the intervention of an opaque hoi 
which prevents the rays of light from reaching anl 
ject behind the opaque body. 

Caroline. Why thtn are shadows of difTcrent I 
grees of darkness ; for I should have supposed fr 
your definition of a shadow, that it would have b( 
perfectly black ? 

Mrs. B. It frequently happens that a shadow is p 
duced by an opaque body interrupting the course of i 
rays from one luminous body, while light from anot! 
reaches the space where the shadow is formed, in whi 
case the shadow is proportionally fainter. This hi 
pens if the opaque body be lighted by two candles : 
you extinguish one of them, the shadow will be bt 
deeper and more distinct. 

Caroline. But yet it will not be perfectly dark. 

Mrs. B. Because it is still slightly illumined by Ii{ 
reflected from the walla of the room, and other si 
rounding objects. 

You must observe, also, that when a shadow is pj 
duccd by the interruptioii of rays from a single Iftfl 
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nous body, the darkness is proportional to the intensity 
of the light. 

JSmily. I should have supposed the contrary ; for 
as the light reflected from surrounding objects on the 
shadow, must be in proportion to the intensity of the 
light, the stronger the light, the more the shadow will 
be illumined. 

Mrs* B. Your remark is perfectly just ; but as we 
have no means of estimating the degrees of light and of 
darkness but by comparison, the strongest light will ap- 
pear to produce the. deepest shadow. Hence a total 
eclipse of the sun occasions a more sensible darkness 
than mid-night, as it is immediately contrasted with the 
strong light of noon-day. 

Caroline. The re-appearance of the sun after an 
eclipse, must by the same contrast be remarkably bril- 
liant. 

Mrs. B. Certainly. There are several things to be 
observed in regard to the form and extent of shadows. 
If the luminous body A Tfig. 3.) is larger than the opaque 
body B, the shadow will gradually diminish in size, till 
it terminate in a point. 

Caroline. This is the case with the shadows of the 
earth and the moon, as the sun which illumines them, is 
larger than either of those bodies. And why is it not 
the case with the shadows of terrestrial objects, which 
are equally illumined by the sun ? but their shadows, 
far from diminishing, are always larger than the object, 
and increase with the distance from it. 

Mrs. B. In estimating the eflPect of shadows, we must 
consider the apparent not the real dimensions of the lu- 
minous body ; and in this point of view, the sun is a 
small object compared with the generality of the terres- 
trial bodies which it illumines : and when the luminous 
body is less than the opaque body, the shadow will in- 
crease with the distance to infinity. All objects, there** 
fore, which are apparently larger than the sun, cast a 
magnified shadow. This will be best exemplied, by 
observing the shadow of an object lighted by a caudle 
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CaiUy. I have often noticed, that the sTiado'. 

figure against the wall, grows larger as it is more dis- 
tant from me, which is owing, no doubt, to the candlg 
that shines on me being much smaller than myself? 

Mrs. B. Yes. Theshadow of a figure A, (fig. 4.) 
varies in size, according to the distance of the sevcnl 
surfaces B C D E, on which it is described. 

Caroline. 1 have observed, that two candles produce 
two shadows from the same object; whilst it would ap- 
pear, from what you said, thai they should rather pro- 
duce only half a shadow, that is to say, a very faint one. 

•Vrs. B, The number of hghts fin different direc- 
tions) while it decreases the intensity of the shadow, 
increafcs their number, which always corresponds with 
that of the lights ; for each light makes the opaqw 
body cast a* different shadow, as illustrated by fig. S. 
It represents a ball A, lighted by three candles B, C, D^ 
and you observe the light B produces the shadow 6,th« 
"ign^ C tht shadow c, and the light D the shadow d. 

Emily. I think we now understand the nature of' 
shadows very well ; but pray what becomes of the ray* 
of light which opaque bodies arrest in their courae,and 
the interruption of which is the occasion of shadows f ' 

Mrs. B. Your question leads to a very important 
property of light, Bcflecl'toii. When rays of light en- 
counter an opaque body, which they cannot traverse, 
part of them are absorbed by it, and part are reflected, 
and rebound just as an elastic ball which is struck againil 
a wall. 

Emily, And is light in its reflection go^■emed iif 
ike same laws as solid elastic bodies ! 

Mrs. B. Exactly. If a ray of light fall perpendicu* 
laHy on an opaque body, it is reflected hack in the same 
line, towards the point whence it proceeded. If it 
fall obliquely, it is reflected obliquely, but in the op- 
posite direction ; the angle of incidence being equal to 
the angle of reflection. You recollect that law in iw* 
chanicG ? 

Oh yes, ^rfectly. 




Jfrs. B. If you will shut the shutters, we shall ad- 
it a ray of the sun's light through a very small aper- 
Te, and I can show you how it is reflected. I now 
>ld this mirror, so that the ray shall fall perpendicu- 
rly upon ii. 

Caroline. I see the ray which falls upon the mirror, 
It not that which is reflected by it. 
^ J3rs. B. Because its reflection is directly retrograde, 
rhe ray of incidence and that of reflection both being 
n the same line, though in opposite directions, are con- 
bucded together. 

' Emily. The ray then which appears to us single, is 
bally double, and is composed of the incident ray pro- 
teding to the mirror, and of the reflected ray return* 
i|f from the mirror. 

M's. B. Exacdy so. We shall now separate them 
7 holding the mirror M, (fig. 6.) in such a manner, 
at the incident ray A B shall fall obliquely upon it 
syou see the reflected ray B C, is marching ofl'in^o- 
ler direction. If we draw a line from the point of in- 
idence B, perpendicular to the mirror, it will divide 
te angle of incidence from the angle of reflection, and 
HI will sec that they are equal. 

Emily. Exactly ; and now that you hold the mirror 
t, that the ray falls more obliquely upon it, it is also 
Itflected more obliquely, preserving the equality of the 
tgles of incidence and reflection. 

Mrs. B. It is by reflected rays only that we see 
Ipaque objects. Luminous bodies send rays of light 
.mediately to our eyes, but the rays which they send 
other bodies are invisible to us, and are seen only 
len they are reflected or transmitted by those bodies 
our eyes. 

Emily. But have we not just seen the ray of light 
its passage from the sun to the mirror, and ics-reflec- 
' yet in neither case were those rays in a direction 
enter our eyes. 

Xrs. B. No. What you saw was the light reflect- 
" to your eyes by small particles of dust floating in ^ 
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nr, and on which the ray shone in: its passage ^ and 
fixnn the minor. 

Caroline. Yet I see the sun shining on that house 
yonder, as clearly as possible. 

Mrs, B. Indeed you cannot see a sing^ ray. which 
passes from the sun to the hous6 ; you see no-raya but . 
those which enter vour eyes ; there£#e it is the rays 
which are reflectea by the house to you, and pot those 
which proceed from .uie sun to the house^ that are idsi- 
Ue to you. 

Coroltii^ Why Aen does one side of the house u- 
pear to be in sunshine, and the other in the shadei m 
if I cannot see the sun shine upon it, the whole of ^ 
house should appear in the shade. 

Mrt. Bm That side of the house which the sun dunes 
upon, reflects more, vivid and luminous rays thaiTtfae 
aide which is in shadow, for thelatter is illumined oflty \ 
by rays reflected upon it by other objects, these rays 
are therefore twice reflected before they reach ycpr ] 
sight ; and as light is more or less absorbed by the bo* 
dies it strikes upon, every time a ray is reflected its 
intensity b diminished. 

Caroline* Still I cannot reconcile myself to the idea, 
that we do not see the sun^s rays shining on objects, but 
only those which objects reflect to us. 

Mrs. B. I do not, however, despair of convincing 
you of it. Look at that larce sheet of water, can you 
tell why the sun appears to wine on one part of it only? 

Caroline. No, indeed ; for the whole of it is equal- 
ly exposed to the sun. This partial brilliancy of water 
has often excited my wonder ; but it has struck me 
more particularly by moon-light. I have frequently 
pbserved a vivid streak of moonshine on the sea, while 
the rest of the water remained in deep obscurity, and 
yet there was no apparent obstacle to prevent the moon 
from shining on every part of the water equally. 

Mrs. B. By moon-light the effiect is more remarkj^ 
Ue, on account of the deep obscurity of the other ports 
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of the water ; while by the sun's light the effect is too 
strong for the eye to be able to contimplate it, 

Caroline. But if tlie sun really shines on every part 
of that sheet of water, why does not every part of it 
Teflect rays to my eyes J 

Mrs. B. The leflected rays are not attracted out of 
their natural course by your eyes. The direction of a 
reflected ray, you know, depends on that of the ind- 
dent ray ; the sun's rays, therefore, which fall with va- 
rious degrees of obliquity upon the water, are reflected. 
in directions equally various j some of these will meet 
your eyes, and you will see them, but those which fail 
elsewhere are invisible to you. 

Caroline. The streak of sunshine, then, which we 
Dw see upon the water, is composed of those rays 
'Idch by their reflection happen to fall upon my eyes ? 

Jttrg. B. Precisely. ^ 

Emily. But is that side of the house yonder, which 
appears to be in shadow, really illumined by the sun, 
and its rays reflected another way i 

Mrs. B. No ; that is a different case from the sheet 
of water. That side of the house is really in shadow ; 
h is the west side, which the sun cannot shine upon till 
the afternoon. 

_. Those objects, then, which are illumined by 

lected rays, and those which receive direct rays from 
sun, but which do not reflect those rays towards us, 

_ ear equally in shadow? 

Mrs, B. Certainly ; for we see them both illumined 
;by reflected rays. That part of the sheet of water, OTer 
'Which the trees cast a shadow, by what light do you I 

e it? 

Emily. Since it is not by the sun's direct rays, it 
must be by those reflected on it from other objects, and 
which it again reflects to us. 

Caroline. But if we see all terrestrial objects by re- 

^iflected light, (as we do the moon,) why do they appear 

'm bright and luminous f I should have supposed Jl)^ 
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reflected rays would have been dull and faint, like ihoK 
of Ihe moon. 

J^frs. B. The moon reflects the sun's light with at 
much vividness as any terrestrial object. If you look 
at it on a clear night, it will appear as bright as a sheet 
of water, the walls of a house, or any object seen by 
daylight and on which the sun shines. Tht;.rays of the 
moon are doubtless feeble, when compared with thoi« 
of the sun ; but that would not be a fair comparison, 
for the former are incident, the latter reflected rays. 

Caroiint. True ; and when we see terrestrial objeete 
by moon-light, the light has been twice reflected, and 
is consequently proportionally fainter. 

Mrs, B. In traversing the atmosphere, the rays, 
both of the sun and moon, lose some of their light 
For though the pure air is a transparent medium, which 
■ transmits the rays of light freely, we have observed, 
that near the surface of the earth it is loaded with va- 
pours and exhalations, by which some portion of them 
are absorbed. 

Caroline. I have often noticed, that an object on the 
summit of a hill appears more distinct than one at an 
equal distance in a valley, or a plain ; which is owing 
I suppose, to tht air being more free from vapours in 
an elevated situation, and the reflected rays being con- 
sequently brighter. 

Jl/rs, B. That may have some sensible effect; bat 
iriien an object on the summit of a hlU has a back groun^ 
of light sky, the contrast with the object makes its oat^" 
line more distinct. 

Caroline. I now feel well satisfied, that we see opaque 
objects only by reflected rays ; but I do not understand 
how these rays show us the objects from which ihey 
proceed ? 

^Irs. B. The rays of light enter at the pupil of tht 
eye, and proceed to the retina, or optic nerve, which i' 
situated at tlie back part of the eye-ball ; and there th^ 
describe the figure, colour, and (excepting sizi) form < 
ycrfcct representation of the object from which llij? 
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iceeilv Wc shall again close the shutters, and add 
light [hrough the small aperture, and you will see, 

ture on the wall, opposite the aperture, similar t 

il which is delineated on the retina of the eye. 

Carolijie, Oh, how wonderful .' There is an exact 
icture in miniature of the garden, the gardener at 
■ork, the trees blown about by the wind. The land- 
sape would be perfect, if it were not reversed ; the 
round being above, and the sky beneath, 

wTfrs. B. It is not enough to admire, you must under- 
land this phenomenon, which is called a camera obscu- 

I from the necessity of darkening the room, in order 

exhibit it. 

This picture is produced by the rays of light re- 
■cted from the various objects in the garden, and 
hich are admitted through the hole in the window 

utter. 

The rays from the glittering weathercock at the top 
'the alcove A, (plate XVI. fig. 1.) represent it in this 
to," for the weathercock being much higher than 
aperture in the shutter, only a few of the rays, which 
e reflected by it in an obliquely descending direction, 
Ui find entrance there. The rays of light, you know, 
ways move in straight lines ; those, therefore, which 
Iter the room in a descending direction, will continue 
leir course in the same direction, and will consequent- 

f fall upon the lower part of the wall opposite the 

lerture, and represent the weathercock reversed in 
lat spot, instead of erect in the uppermost part of the 
nd scape. 

Emiiy. And the ra3s of light from the steps (B) of 
le alcove, in entering the aperture, ascend, and ndll 
fscribe those steps in the highest instead of the lowest 
art of the landscape. 

iWrs. B. Observe, too, that the rays coming from 

e alcove, which is to our left, describe it on the wall 

Kthe right; while those which are reflected by the 
[nut-tree C D, to our right, delineate its figure in the 
cture to the Jeft c d. Thus the rays, coming i-n. A\t- 
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those which come above proc eed b^ow. those fromtlu 
ri^t go to the teft, those from the Ie6 towarda the ^f^; 
tSot cvrr>- object is rtprtseoted in the picture, as occo- 
wing a sitmlkin the rery reverse of that which it dots 
m nature. 

t^raUnr. Excepting the flower-pot E F, which, 
though its pcsilion is reversed, has not changed its sJtD- 
ation in (be landscape. 

Jtn. B. The flower-pot is directlv in from of ihe 
Rperture ; so that its rays fall perpend icularlr upon il. 
and conaecjucntly proceed perpendicularlv to the will, 
where they deliueate the object directly behind the aper- 
ture. 

Ktnily. And is it thus thai the picture of objects^ 
painted on the retina of the eye ? ( 

t,V«. B. Precisch-. The pupil of the eve, thi«agt 
which the rays of light enter, represents the' aperture m 
the window-shuner j and the image delineated on de 
retina, is exactly similar to the picture on the wall. 

Caroline. You do not mean to say, that we ace only 
the representation of the object which is painted on tfie 
retina, and not the object itself? 

Mrs. B. If, by sight, you understand that sense hf 
which tile presence of objects is perceived by the mindi 
through the means of the €j-es, we certainly see onl^ 
the image of those objects painted on the retina. ^ 

Carohnc. This appears to me quite incredible. 

»Vrs. B. The nerves are the only part of our frame 
capable of sensation : they appear, therefore, to be the 
instruments which the mind employs in its perceptions i 
for a sensation always conveys an idea to the mini 
Now it is known, that our nerves can be affected only 
by contact ; and for this reason the organs of sense can- 
not act at a distance : for instance, we are capable tf 
■melling only particles which are actually in contact 
with the nerves of the nose. We have already obso'T' 
fldf that ihc odour ot a flower consists in effluvia, ""^ 
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jaed of very minute particles, which penetrate the . 

ils, and strike upon the olfactory nerves, which 

andy convey the idea of smell to the mind. 

^£rmly. And sound, though it is said to be heard at 

distance, is, in, fact, heard only when the vibrations of 

le air, which convey it to our ears, strike upon the au- 

itory nerve, 
Caroline. Thei e is no explanation required, to prove 

at the senses of feeling and of tasting are excited only 

' contact. 

Mrs. B. And I hope to convince you, that the sense 

' sight is so likewise. The nerves, which constitute 

e sense of sight, are not different in their nature from 

ose of the other organs ; they are merely instruments 

hlch convey ideas to the mind, and can be affected 
"ly on contact. Now, since real objects cannot be 
>ught to touch the optic nerve, the image of them is 
aveyed thither by the rays of light proceeding from 
it objects which actually strike upon the optic nerve, 
\ form that image which the nkind perccives.'i 
Caroliae. While I listen to your reasoning, I feel 

winced ; but when I look upon the objects around, 
d think that I do not see them, but merely their image 
inted in my eyes, my belief is again staggered: I 

tnnot reconcile myself to the idea, that I do not really 

>c this book which I hold in my hand, nor the words 

liich I read in it. 

' JIfrs. B. Did it ever occur to you as extraordinary, 

lat you never beheld your own face ? 

' Caroline. No j because I so frequently see an exact 

epresentation of it in the looking-glass. 
Mrs, B, You see a far more exact representation of 

bjects on the retina of your eye : it is a much more 

erfect mirror than any made by art. 
Emili/. But is it possible, that the extensive land- 

;ape, which I now brhold from the window, should be 

eprcsented on so small a space as the retina of the eye ? 
Strs, B, It would be impossible for art to paint so 
liall and distinct a miniature ; but nature work^ 'wu'tv*. 
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nmr hand, and a more delicauc pencU. That powtr, 
which forms ihc fcaihem of tht buacrflr, and the flow- 
erets of the daisy, can alotx pourtray f<i admirable and 
perfect a miniature as that which is represenied oo ibe 
l^na of the eye. 

Ceroliiu. But, Mrs. B., if we sec only the image of 
objects, why do we not see ihem reversed, as you shoir* 
ed us they were in the camera obscura ? Is cot that i 
strong argument against your theory 

-Vrj. B. Not an UDanswerable one, I hope. The 
image on the retina, it is true, is reversed, like that a 
the camera obscura ; as the ravs, unless from a verr 
small object, intersect each other on entering the pupi^ 
in the same manner as they do on entering the cameif 
obscura. The scene, however, does not excite the idd 
of being inverted, because we always see an object 11 
the direction of the rajs which it sends to us. 

Emiitf. I confess I do not understand that, 

Mn, B. It is, I think, a difficult point to espl^ 
dearly* A ray which comes from the upper part of M 
object, describes the image on the lower part of the «■ 
lina ; but, experience ha\*ing taught us, that the direc- 
tion of that ray is from above, we consider that part of 
the 'object it represents as uppermost. The rays pffr 
ceeding from the lower part of au object fall upon the 
tipper part of the retina ; but as we know their diref 
tion to be from below, we see that part of the objecl 
they describe as the lowest. ' 

Caroline. When I want to see an object above ntfi 
1 look up i when an object below me, I look down. Doe> 
not this prove that I see the objects themselves? for if 
1 beheld only the image, there would be no necessiW 
for looking up or down, according as the object was 
higher or lower than myself. 

•Wrs. 71. I beg your pardon. When you look Up t» 
an elevated olsjeet, it is m order that the raya reflected 
from it should fall upon the retina of your eyes ; but 
the very circumstance of directing your eyes upwMOSi 
convinces you that the object is elevated, and 
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x> consider as uppermost the image it forms on the 
a, though it is, in fact, represented in the lowest 
of it. When you look down upon an object, you 
' your conclusion from a similar reasoning ; it is 
that we see all objects in the direction of the rays 
h reach our eyes. 

It I have a further proof in favour of what I have 
need, which I hope will remove your remaining 
ts : I shall, however, defer it till our next meeting, 
e lesson has been sufficiently long to-day. 
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CAROLINE. 

Wlll, Mrs. B., I am ver\- impatient to hear what I 
further proofs you have to offer in support of your the- 
or}-. You must allow that it was rather provoking to 
dismiss us as you did at our last meeting. 

Mrs, B. You press so hard upon me with your ob- 
jections, that you must give me time to recruit my 
forces. 

Can you tell me, Caroline, why objects at a distance 
appear smaller than they really are ? 

Caroline. I know no other reason than their distance. 

Mrs. B, I do not think I have more cause to be sa- 
tisfied with your reasons, than you appear to be with 
mine. We must refer again to the camera obscura 
to account for this circumstance ; and you will find, 
that the different apparent dimensions of objects at dif- 
ferent distances, proceed from our seeing, not the ob- 
jt:cts themselves, but merely their image on the retina, 
rig. 1. plate XVII. represents a row of trees, as view- 
ed in the camera obscura. I have expressed the direc- 
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of the rays, from the objects to the image, by lines, 
jow, observe, the ray which comts from the top of ihe 
Barest tree, and that which comes from the foot of the 
imc tree, meet at the aperture, forming an angle of 
lout twenty-five degrees; this is called the angle oi 
ision, under which we see the tree. These rays cross 
ich other at the aperture, forming equal angles on each 
ide of it, and represent the tree inverted in the camera 
bscura. The degrees of the image are considerably 
imaller than those of the object, but the proportions are 
Crfectly preserved. 
Now let us notice the upper Snd lower ray, from the 
lost distant tree ; they form an angle of not more than 
reive or fifteen degrees, and an image of proportional 
mensions. Thus, two objects of the same size, as 
*-two tret;s of the avenue, form figures of different 
ECS in the camera obscura, according to their dis- 
nce ; or, in other words, according to the angle of vi- 
DD under which they ari; seen./ Do you understand 

Caroline. Perfectly. 

M-a. B. Then yoa have only to suppose that the re- 
resentation in the camera obscura is similar to that on 
e retina. 

Now since objects of the same m.ignitudes appear to 
; of different dimensions, when at different distances 
am US, let me ask you, which it is that you see j the 
al objects, which we know do no^ vary in size, or the 
laees, which we know do varj- according to the angle 
' vision under which we see them ? 
Caroline. I must confess, that reason is in favour of 
e bitter. But does that chair at the further end of 
e room form an image on my retina much smaller than 
is which is close to me i they appear exactly of the 
me size. 

Mrs. B. I assure you they do not. The exjieriencc 
E acquire by the sense of touch corrects the errors of 
IT sightwith regard to objects within our reach. You 
e so perfectly convinced of the real size of objects 
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which you can handle, that you do not attend to their 
apparent difference. 

^ Does that house appear to you much smaller than 
when you are close to it. 

Caroline. No, because it is verv near us. 

•Mrs. tt. And yet you can see the whole of it thronpi 
one of the windows of this room. The image of tht 
Iiouse un your retina must, therefore, be smaller than 
that of the window through which you see it. It is 
your knowledge of the real size of the house which pre- 
\ents your attending to its apparent magnitude. If 
you were accustomed tO draw from nature, you would 
be fullv aware of this difference. 

Emily. And pray, what is the reason that, when ire- 
look up an avenue, the trees not only appear smaller 
they are more distant, but seem gradusuly to appi 
each other till they meet in a point ? 

•Vr.s*. U. Not only the trees, but the road whick' 
separates ihe two rows, forms a smaller visual angle, in 
j)rop(»iiion as it is more distant from us ; therefore the. 
widtl\ of the road gradually diminishes as well as the 
size of the trees, till at length the road apparendy ter- 
minates in a point, at which the trees seem to meet. 

Hut this cfi'ect of the angle of vision will be more ful- 
ly illustrated bv a little model of an avenue, which 1. 
have made for that purpose. It consists of six trees, 
leading to a l.cxagonal temple, and viewed by an eye, 
on the retina of which the picture of the objects is de- 
lineated. 

1 beg that you will not criticise the proportions ; for 
though tlie eye is represented the size of life, while the 
trees are not more than three inches high, the dispro- 
portion does not affect the principle, which the model 
is intended to elucidate. 

Kmily. The threads which pass from the objects 
through the pupil of the eye to the retina, arc, I sup- 
pose to represent the rays of light which convey the 
image of the objects to the retina ? 

•Mrs. B. Yes. I have been obliged to limi": the rays 
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I a very small cumber, in order to avoid confusioQ ; 
tere are, you see, only two from each tree. 
Caroline. But as one is from the summit, and the 
lier from the foot of the tree, ihey exemplify the dif- 
rrenl angles under which we see objects at different 
^stances, better than if there were more. 
JUts. B. There are seven rays proceeding from the 
, one from the summit, and two from each of the 
Dgles that are visible to the eye, as it Is situated ; from 
lese you may form a just idea of the difference of the 
Ugle of vision of objects viewed obliquely, or in front ; 
r though the six sides of the temple are of equal di- 
msions, that which is opposite to the eye is seen un- 
; a much larger ftngle, than those which are viewed 
iquely. It is on this principle that the laws of per- 
Ifctive are founded. 
'Bmily. I am very glad to know that, for I have 
ely begun to learn perspective, which appeared to mc 
Try diy study ; but now that I am acquainted with 
i principles on which it is founded, 1 shall find it 
tcb more interesting. 

VOToline. In drawing a view from nature, then, wc 
not copy the real objects, but the image they form 
|die retiaa of our eyes ? 

Ifrj. B. Certainly. In sculpture, we copy nature 
she really exists ; in painting, we represent her as 
i appears to us. It was on this account that I found 
limcult to explain by a drawing the effects of the an- 
of vision, and was under the necessity of construct- 
a model for that purpose. 

mUy. I hope you will allow us to keep this model 
e time, in order to study it more completely, for a 
«t deal may be learned from it; it illustrates the na- 
re of the angle of vision, the apparent diminution of 
Btant objects, and the inversion of the image on tht 
lina. But praj-, why ere the threads that represent 
E rays of light, coloured, the same as the objects from 
lich they proceed I 
Jirs, B, That is a question which you must cxciia- 
3 3 




CtaidK A iirtc » die ti^ flf is. 

Jtn. M. Tfaes dnn TotK- ngfai ere, sod j-ou 
itie Ac left of ibt pdlc 

x^nutt^^ ToMt tt true moon ' 

JltT%. B. Tberc on vridcBdv T«ro nipreseDtaiions of 
&r bcQ-ropc ta Sditav OL aatsMMttt, vUcfa must be OW' 
OgioatiTnugT cri n bring Sonned oa both eyes; ift]w 
aetira of iln }«m tbercJapc an okclt redoa vere not 90 
fKSketidK matar ■■ n piwdacc bat one sensation, we 
w»uUiee4aiidB,nd«r iad Aufio be the case widi 
wm^ 'ptcmnB wte «c attoed with a disease in one 
ewi, apiucfa fUCTgutt ahc nm of light £R»a affrctisg it, 

KmQff, Ptar, Mi%. ft^ whia we sec the image of 
" ■ ^ ' ■ ■ , wfcj- is it not inverted » 
oa riK retina of the €}>£ ? 
Ac rvrs do sot enter the mimr 
br a sawB i^ieRnre, and cross each other, as they do 
■E ifae onfioe af a t lama ofascora, or the pupil of the 

Waqa ywa view voarseif in a mirror, the rays from 
Jpoor c^a fafl perpen^culaily upon it, and are rcBected 
■t (be saaie line; the image i& therefore described be- 
hind the gtass. aad is situated in the same mann«- U 
tbc olnect before it. 

Kauf. Yes, I see diat it is -, but the looking-glus 
19 tux Deariy so tall as I am, how is it therefore that I 
can see the whole of my Ggure in il : 

•Vrx. B. It is not necessary that the mirror should 
be more than half your height, in order that you m^ 
Me the whole of your person in it, ^fig, 3.) The ray 
of light A B from your eye, which falls perpendicularly' 
on the mirror B D, will be reflected back in the same 
line ; but the ray from )Our feel will fall obliquely on 
ihe mirror, for it must ascend in order to reach it ; it 
will therefore be reflected in die liite A D : and since 
Wc view objects in the direction of the reflected ra}'s, 
which reach the eye, and that the image appears at the 
name distance behind the mirror that the object is be- 
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fore it, we must continue the line A D to E, and the 
line C D to F, at the termination of which, the image 
will be represented. 

Emily. Then I do not understand why I should not 
see the whole of my person in a much smaller mirror, 
for a ray of light from my feet would always reach it, 
though more obliquely. 

Mrs, B, True ; but the more obliquely the ray falls 
on the mirror, the more obliquely it will be reflected ; 
the ray would therefore be reflected above your head, 
and you could not see it. This is shown by the dotted 
line (fig. 3.) 

Now stand a little to the right of the mirror, so that 
the rays of light from your figure may fall obliquely 
on it .,_ 

Emily » There is no image formed of me in the glass 
now. 

Mrs. B. I beg your pardon, there is ; but you can- 
not see it, because the incident rays falling obliquely on 
the mirror will be reflected obliquely in the opposite 
direction, the angles of incidence and of reflection be- 
ing equaL Caroline, place yourself in the direction of 
the reflected rays, and tell me whether you do not see 
Emily's image in the glass ? 

Caroline. Let me consider. — In order to look in the 
direction of the reflected rays, I must place myself as 
much to the left of the glass as Emily stands to the 
right of it. — Now I see her image, but it is not straight 
before me, but before her ; and appears at the same dis- 
tance behind the glass, as she is in front of it. 

Mrs. B. You must recollect, that we always see ob- 
jects in the direction of the last rays which reach our 
eyes. Figure 4. represents an eye looking at the image 
of a vase, reflected by a mirror ; it must see it in the 
direction of the ray A B, as that is the ray which brings 
the image to the eye ; prolong the ray to C, and in that 
spot will the image appear. 

Caroline, 1 do not understand why a looking-glass 
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reflects the rays of light ; for glass is a transparent bo- 
dy which should transmit them ? 

Mrs. B. It is not the glass that reflects the rayi 
which form the image you behold, but the mercury be- 
hind it. The glass acts chiefly as a transparent case, 
through which the rays find an easy passage. 

Carolinr. Why then should not mirrors be made 
^ simply of mercurj- ; 

Mrs. B. Because mercury is a fluid. By amalga- 
mating it with tin-foil, it becomes of the consistence of 
paste, attaches itself to the glass, and forms in faas 
mercurial minor, which would be much more perfect 
without its glass cover, for the purest glass is never per- 
fectly tranaparent ; some of the rays therefore are loM 
during their passage through it, by being eithej ^b^ca- 
hcd, or irregularly reflected. 

This imperfection of glass mirrors has introducdi 
the use of metallic mirrors, for optical purposes. 

EmUy. But since all opaque bodies reflect the rays 
of light, I do not understand why they are not all mir- 
rors r 

Caroline. A curious idea indeed, sister; it would be 
very gratifying to see oneself in every object at wluck 
one looked. 

Mrs. B. It is very true that all opaque objects re- 
flect light ; but the surface of bodies in general is BO 
rough and uneven, that their reflection is extremdy 
, irregular, which prevents the rays from forming a& 
image on the retina. This you will be able to under- 
stand better, when I shall explain to you the nature trf 
vision, and the structure of the eye. 

Yon may easily conceive the variety of directions in 
I which rays would be reflected by a nut meg -grater, on 
account of the inequality of its surface, and the number 
of holes with which it is pierfed. All solid bodies jt- 
aemble the nulmeg-grater in these respects, more or 
less ; and it is only those which are susceptible of re- 
ceiving a polish, that can be made to reflect the r»yi 
with regularity. As hard bodies aie of the cloaest tex- 



RSFLBCTION OF CONVEX MIKKOKS. 213 

■re, the least porous, and capable of tahii^g th<; highest 
^ish, they make the best mirrors ; none therefore are 
wrll calculated for this purpose as metals. 
Caroline. But the property of regular reflection is 
It confined to this class of bodies ; for I have often 
en myself in a highly polished mahogany table. 
iMrs. B. Certainly ; but as that substance is less du- 
ble, and its reflection less perfect, than that of metals, 
believe it would seldom be chosen for the purpose of 
•mirror. 

There are three kinds of m irrors used in optics ; the 
am or flat, which are the common mirrors we have 
ist mentioned ; convex mirrors ; and concave mirrors. 
Hie reflection of the two latter is very different from 
ist of the former. l"he plain mirror, we have seen, 
Mb not alter the direction of the reflected rays, and 
►rms an image behind the glass exactly similar to the 
txject before it. A convex mirror has the peculiar 
roperty of making the reflected rays diverge, by which 
eaati it diminishes the image ; and a concave mirror 
Bkes the rays converge, and under certain circum- 
uices, magnifies the image. 

BmHy, We have a convex mirror in the drawing- 
om, which forms a beautiful miniature picture of the 
bjects in the room ; and I have often amused myself 
^^th looking at my magnified face in a concave mirror* ' 
lut I hope you will explain to us why the one enlarge^ 
'hile the other diminishes the objects it reflects, 
J/rs. B, Let us begin by examining the reflection of 
convex mirror. This is formed of a portion of the 
aaerior surface of a sphere,' When several parallel 

E^8 fall upon it, that ray only which, if prolonged, 
ould pass through the centre or axis of the mirror, is 
erpendicular to it. In order to avoid confusion, I 
lave, in fig. 1. plate XVIII., drawn only three parallel 
ines, A B, C D, E F, to represent rays falling on the 
;onvex mirror M N j the middle ray, you will obsei*ve, 
perpendicular to tlie mirror, the others fall on it ob' 
iqaely. 
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As the thre« rajs are pantUel, wliyinH 
Arv wot dl PCTpcndicolar to the mirror I I 

Jfn. B. They would be so to a flat mirror ; tiut nl 
din n vpbcricAl, no ray can fall perpendicularly upcti 
h wfiich l& not directed towards the centre of &I 
sphere. I 

Ewulm. Just sn a weight falls perpendicularly to tbi I 
earth Krwn gravit}" attracts it towards the centre. I 

Mrt. B, In order, therefore, that rays may fall pe^ I 
nendiculariy to the mirror at B and F, the rays rauill 
oe in the direction of the dotted lines, which, you tootI 
obscne, meet at the centre O of the sphere, of ntuul 
the mirror fbmu a portion. 1 

Now can you tell me in what direction the dim I 
rays. A B, C D, E F, will be reflected ? I 

Smlg. Yes, 1 think so : the niiddle ray falling pu^ I 
pendicidarly on the mirror, will be reflected in the saiM J 
line : the two others falling obliquely, will be reflecUdfl 
' obliquely to (J H ; for the tlotted lines you have drawB J 
are perpend ic id ars, which divide their angles of ind- 1 
dcncc and reflection. | 

•Vr*. B. Extremely well, Emily : and since we see 
objects in the direction of the reflected ray, we shall att 
the image L, which is the point at which the reflected | 
rays, if continued through the mirror, would unite and 
form an image. This point is equally distant, from dw 
surface and centre of the sphere, and is called the ima- 
ginary focus of the mirror. 

Caroline. Pray, what I3 the meaning of focus ? 

JUr». R. A point at which converging rays unite. 
And it is in this casccalled an imaginary focus ; be- 
cause the rays do not really unite at that point, but only 
appear to do so : for the rays do not pass through the 
" mirror, since they are reflected by it, 

Evnli/. I do not yet understand why an object ap- 
pears smaller when viewed in a convex mirror. 

M's, B. It is owing to the divergence of the reflect- 

rays. You have seen that a convex mirror converta,- 

renection, parallel rays into divergent rays ; rays that 
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fall Upon the mirror divergent, are rendered still more 
so by reflection, and convergent rays are reflected either 
parallel, or less convergent. If then an object be pla- 
ced before any part of a convex mirror, as the vase A 
B, fig. 2. for instance, the two rays from its extremi- 
ties, falling convergent on the mirror, will be reflected 
less convergent, and will not come to a focus till they 
arrive at C ; then an eye placed in the direction of the 
reflected rays, will see the image formed in (or rather 
behind) the mirror at a b. 

Caroline. But the reflected rays do not appear to me 
to converge less than the incident rays. I should have 
supposed that, on the contrar}-, they converged more, 
since they meet in a point ? 

Mrs, B, They would unite sooner than they actually 
■do, if they were not less convergent than the incident 
rays: for observ^e, that if the incident rays, instead of 
being reflected by the mirror, continued their course in 
their original direction, they would come to a focus at 
D, which is considerably nearer to the mirror than at C ; 
the image is therefore seen under a smalkr angle than 
the object ; and the more distant the latter is from the 
mirror, the less is the image reflected by it. 

You will now easily understand the nature of the re- 
flection of concave mirrors.* These are formed of a 
portion of the internal surface of a hollow sphere, and 
their peculiar property is to converge the rays of light. 
Can you discover, Caroline, in what direction the 
three parallel rays, A B, C D, E F, which fall on the 
concave mirror M N, (fig. 3.) are reflected ? 

Caroline, I believe I can. The middle ray is sent 
back in the same line, as it is in the direction of the 
axis of the mirror ; and the two others will be reflected 
obliquely, as they fall obliquely on the mirror. I must 
now draw two dotted lines perpendicular to their points 
of incidence, which will divide their angles of incidence 
and reflection ; and in order that those angles may be 
equal, the two oblique rays must be reflected to L, 
where they will unite with the middle ray. 
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Jttrg. B. Verj' well explained. Thus you see, tliK 
when any number of parallel rays fall on a concave ffltt- 
ror, they arc all reflected to a focus : for in proportiM 
AS Ule rays are more distant from the axis of the mt- 
tor, ihcy fall more obliquely upon it, and are more (A- 
liqucly reflected; inconsequence of which they comt 
to a focus In the direction of the axis of the mirror, n 
u point equally di&tant from the centre and the surface 
of the sphere, and this point is not an imaginarj- focus, 
as happens with the convex mirror, but is the true foCiH- 
at which the raya unite. 

Umily. Can a mirror form more than one focus by 
reflecting rays ! 

•Wrs. fi. Yirs. If rays fall convergent on a-cot 
foirror, (fig. 4.) they arc sooner brought to a focus, L, 
than parallel rays ; their focus is therefore nearer to the 
mirror M N. Divergent rays are brought to a more 
distant fotus than parallel rays, as in figure 5, where 
the focus is at L ; but the true focus of mirrors, eilihcr 
convi'x or concave, is that of parallel rays, which » 
equally distant from the centre, and die surface of the 
spnire. 

I shall now show you the reflection of real lays fl( 
light, by a metallic concave mirror. This is one made 
of pfjlished tin, which I expose to the sun, and as it 
shines bright, we shall be able to collect the rays into a 
very brilliant focus. I hold a piece of paper where 1 
imagine the focus to be situated; you may see by the 
vivid spot of light on the paper, how much the rays con- 
verge : but it is not yet exactly in die focus ; as I ap- 
proach the paper to that point, observe how the bright- 
ness of the spot of light increases, while its size dimi- 
nishes. 

Cardine, That must be occasioned by the rays be- 
coming closer together. I think you hold the paper just 
in the focus now, the light is so small and dazzling 
Ob, Mrs. B., die paper has taken fire ! 

Mrs. B. The rays of light cannot be concentrated, 
^[Ithout, at the same time, accumulating a praportiandl 
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auantitj of heat : hence concave mirrors have obtained 
lie name of burning-mirrors. 

Emily. I have often heard of the suiprising effects 
of burning-mirrors, and I am quite delighted to under- 
stand their nature. 

Caroline. It cannot be the true focus of the mirror 
at which the rays of the sun unite, for as they proceed 
from a point, they must fall divergent upon die mirror. 

Mrs. B. Strictly speaking, they certainly do. But 
when rays come from such an immense distance as the 
sun, their divergence is so trifling, as to be impercepti- 
ble ; and they may be considered as parallel : their 
point of union is, therefore, the true focus of the mir- 
• ror, and there the image of the object is represented. 

Now that I have removed the mirror out of the in- 
fluence of the sun's rays, if I place a burning taper in 
the focus, how will its light be reflected ? (Fig. 6.) 

Caroline. That, I confess, I cannot say. 

Mrs. B. The ray which falls in the direction of the 
axis of the mirror, is reflected back in the same line ; 
but let us draw two other rays from the focus, falling 
on the mirror at B and F ; the dotted lines are perpen- 
dicular to those points, and the two rays will therefore 
be reflected to A and £• 

Caroline. Oh, now I understand it clearly. The 
rays which proceed from a light placed in the focus of 
a concave mirror fall divergent upon it, and are reflect- 
ed parallel. It is exactly the reverse of the former ex- 
periment, in which the sun's rays fell parallel on the 
mirror, and were reflected to a focus. 

Mrs. B. Yes : when the incident rays are parallel, 
the reflected rays converge to a focus ; when, on the 
contrary, the incident rays proceed from the focus, they 
are reflected parallels This is an important law of op- 
tics, and since you are now acquainted with the princi- 
ples on which it is founded, I hope that you will not 
forget it. 

Caroline. I am sure that we shall not. But, Mrs. 
B., you said that the image was formed in the focus of 
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Emily. In what directioh does the water attract the 
ray ? 

Jirs. B. It must attract it perpendicularly towards 
it, in the same manner as gravity acts on bodies. 

If then a ray, A B, (fig. 1. plate XIX.) fall perpen- 
dicularly on water, the attraction of the water acts in 
the same direction as the course of the ray : it will not 
therefore cause a deviation, and the ray will proceed 
straight on to E. But if it fall obliquely, as the ray 
C B, the water will attract it out of its course. Let us 
suppose the ray to have approached the surface of a 
denser medium, and that it tnere begins to be affected 
by its attraction ; this attraction, if not counteracted by 
some other power, would draw it perpendicularly to the 
water, at B ; but it is also impelled by its projectile 
force, which the attraction of the denser medium can- 
not overcome ; the ray, therefore, acted on by both 
these powers, moves in a direction between them, and 
instead of pursuing its original course to D, or being 
implicitly guided by the water to E, proceeds towards 
F, so tliat the ray appears bent or broken. 

Caroline, I understand that very well ; and is not 
this the reason that oars appear bent in water? 

Mrs. B, It is owing to the refraction of the rays re- 
flected by the oar; but this is in passing from a dense 
to a rare medium, for you know that the rays, by means 
of \\ hich you see the oar, pass from water into air. 

Evilly. But I do not understand why a refraction 
takes place when a ray passes from a dense into a rare 
medium ; I should suppose that it would be rather less, 
than more, attracted by the latter. 

Mrs. B. And it is precisely on that account that the 
ray is refracted. C B, fig. 2. represents a ray passing 
obliquely from the glass into water: glass being the 
denser medium, the ray will be more strongly attracted 
by that which it leaves than by that whicn it enters. 
The attraction of the glass acts in the direction A B, 
v/hilc the impulse of projection would carry the ray to 



%i 




ItJJ r n,',„rj.,T^j, pmhM 



A3L 'iJii:aLi««*CTVmc or UCS7. 

-^'4bB;i. Inw^iat daeoirAi docG ibe wabT aitiiailR, 

Jin.- B. It omn imrc;': u popisKlinilarlv loraA 
a, an sbc aunc mntnT as rrrz^nr acts on bod*c«. 

B iketi « nKv A &, [tgl i pUu- SIX.) fiOi pcrpm. 
AoStn4>- on water, ibc aiiriu^tn of cbe ■(-»«- am m 
dit Kimc diRiXiciii BS 6ic rii;inir of tbc Tsy : it will Oil 
^gsvicST: ^tDK « ArfO^uci. jnid die rvy will pnicted 
^Mflgla on >D E. Bm ? k bB ofaGqud}-, as the n^ 
C X, Acwob-tS aaran ii omof iu oonrsc Let us 
nqyoH ife nv In line i^mnwciird tbc surfac<: fA i 
doBCT ncJnuK. ^kA -*at k nac begins to be affected 

mmm cfllH9-fawcc,«aiM4di^^MM|QHkubaly to i^ 
WHO, m Mi hi* it t> liaoJi^pAed bf bx projectile^ 
force, v^ocb dw Mtzacnon dr die deuo' nicdiufii cai^ 

DM (wercome ; dw nnr, djcrrfo**, act^d on bv both^" 
thrse powers., mort* in a direction between them, and 
iaarad of pmisuing its onginal course to D, or being 
ia^Iicitlr eiudfd by the water to £, proceeds towards 
P, w dMtaie ny iippcsrs bent or br^en, 

Carwbmx. I understaod that \tx\ well ; and is not 
Ain tiie reason th^t oars appear bent in K-atcr ? 

.tt-j. B. It is owing todKrefractian of the rays 
flecttd by ifac <nr; but diis i^ in passing from a dense 
to a rare mediutt, for you kcow ^taX the rays, bv means 
of » hich yoa see the oar. pass from water into air. 

Emilti. Bot 1 do Eot undeTstaiid why a refraction 
takes place wben a ray passes from a dense into a rare 
medium ; I should siippose that it would be rather Uu, 
than morCf attracted by the latter. 

Mrs, B. And it is precisely on that account that the 
ray ia refracted. C B, fig. 2. represents a ray passing 
obliquely from the glass into water: glass being the 
' deiuter medium, the ray will be more stronrfy attracted 
by Uiirt which it leaves than by that whicli it enters. 
Tlic attraction of the glass acts in the direction A B, 
while the impuUe of projeclioti would carry the ray to 
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F; it moyes, therefore, between these directions to- 
wards D. 

Emily. So that a contrary refraction takes place 
when a ray passes from a dense into a rare medium. 

Caroline. But does not the attraction of the denser 
medium affect the ray before it touches it i 

Mrs. B. The distance at which the attraction of the 
denser medium acts upon a ray is so small as to be in- 
sensible; it appears therefore to be refracted only at 
the point at which it passes from one n&edium to the 
Other. 

Now that you understand the principle of refraction, 
I will show you the refraction of a real ray of light* 
Do you see the flower painted at the bottom of the in- 
side of this tea-cup ? (Pig* ^0 

Emily. Yes. — But now you have moved it just out 
of sight, the rim of the cup hides it. 

Mrs. B. Do not stir. I will fill the cup with water, 
and you will see the flower again. 

Emily. I do indeed ! Let me try to explain this : 
when you draw the cup from me so as to conceal the 
flower, the rays reflected by it no longer met my eyes, 
but were directed above them ; but now that you have 
filled the cup with water, they are refracted by the at- 
traction of the water, and bent downwards, so as again 
to enter my eyes. 

Mrs. B. You have explained it perfectly : fig. 3. will 
help to imprint it on your memory. You must observe 
that when the flower becomes visible by the refraction 
of the ray, you do not see it in the situation which it 
really occupies, but an image of the flower higher in 
the cup ; for as objects always appear to be situated in 
the direction of the rays which enter the eye, the flow- 
er will be seen in the direction of the reflected ray B. 

Emily. Then, when we see the bottom of a clear 
stream of water, the rays which it reflects being refract- 
ed in their passage from the water into the air, will make 
the bottom appear higher than it really is. 

Mrs. B. And the water will consequently appear 
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pMHCB thnnigli the pane bo D ; at that pinnt retuiuic 
into die air it is again refracted by the gU&s, but in I 
coomry direction to the first rcfractioti, and in canae< 

raact: proceeds to E. Now you most observe ikV 
ray B C xnd dvc ray D E being parcel, the E^ 
docs not appear to have suffered any refracnon, 

Smilf. So thai the efl'ect which takes place on 
ray enteiing the glass, is undone on its quitting it. O, 
lo express myself more scientific ally, when a ray oflidit 
passes from one medium into another, and through llitt 
into the firit again, the two refractions being equal aid 
in opposite directions, no sensible effect is produced. 

Mr*. B. This is the case when the two surfaces (< 
the refracting medium are parallel to each other ; if ih^ 
are not, the two refractions may be made in the iSB 
direttion, as I shall show you. 

When parallel rays (fig. 6.) f al! on a piece of ^ 
having a double convex surface, and which is caSeiJ 
Lciui, thai only which fallsin the direction of the vol 
of the lens is p<:ri>eiidicular to the surface ; the otfid 
rays failing obliquely are refracted towards the MdV 
and will meet at a point beyond the lens, called it 
focus. 

Of the three rays, A B C, which fall on the lens I 
- E, the rays A and C arc refracted in their pasBlgB 
through it, to a, and c, and on quilting the lens iheyUO^ 
dergo a second refraction in the same direction whidl 
vmites them with the ray B, at the focus F. 

Emily. And what is the distance of the focus from 
the surface of the lens ? 

Mrs. B, The focal distance depends both upon (ta 
form of the lens, and of the refractive power of the sub< 
stance of which it is made : in a glass lens, both sid* 
of which are equally convex, the focus is situated neai^ 
at the centre of the sphere of which the surface of tht 
lens forms a portion ; it is at the distance, therefort,o 
the radius of the sphere. 

There are lenses of various forms, as you will fiwl 
a«scribed in fig, l. plate XX. The property of tho«e 
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\ifhich have a convex surface is to collect the rays of 
light to a focus ; and of those which have a concave 
surface, on the contrary, to disperse them. For the rays 
A C falling on the concave lens X Y, (fig. 7. plate 
XIX.) instead of converging towards the ray B, which 
falls on the axis of the lens, will each be attracted to- 
. wards the thick edges of the lens, both on entering and 
quitting it, and will, therefore, by the first refraction, 
be made to diverge to a, c, and by the second to rf, e. 

Caroline^ And lenses which have one side flat and 
the other convex or concave, as A and B, fig. 1. plate 
XX., are, I suppose, less powerful in their rei'ractions ? 

Mrs. B. Yes; they are "called plano-convex, and 
plano-concave lenses : the focus of the former is at the 
distance of the diameter of a sphere, of which the con- 
vex surface of the lens forms a portion \ as represent- 
ed in fig. 2. plate XX. The three parallel rays A B 
C, are brought to a focus by the plano-convex lens, X 
YatF. 

I must now explain to you the refraction of a trian- 
gular piece of glass, called a prism. (Fig. 3.) 

Emily. The three sides of this glass are flat ; it can- 
not therefore bring the rays to a focus ; nor do I sup- 
pose that its refraction will be similar to that of a flat 
pane of glass, because it has not two sides parallel ; I 
cannot therefore conjecture what effect the refraction of 
a prism can produce. 

Mrs. B. The refractions of the light, on entering 
and on quitting the prism, are both in the same direc- 
tion. (Fig. 3.) On entering the prism P, the ray A is 
refracted from B to C, and on quitting it from C to D. 

I will shew you this in nature ; but for this purpose 
it will be advisable to close the window-shutters, and 
admit, through the small aperture, a ray of light, which 
I shall refract by means of this prism. 

Caroline. Oh, what beautiful colours are represent- 
ed on the opposite wall ! There arc all the colours of 
the rainbow, and with a brightness I never saw equal- 
led. (Fig. 4. plate XX.) 
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Emily, I have seen xa effect, in some respects siini- 
lar to this, produced by the raya of the sun shining up- , 
on glass lustres ; \iiit how is it possible that a piece of 
white glass can produce sucb a variety of brilliaot co- 
lours.' 

■Mrs. B. The colours are not formed by the prism, 
but existed in the ray previous to Its refraction. | 

Cardiw, Yet, before its refraction, it appeared pet- 
fectl>- white. 

Mrs. B. The white t^ys of the jun are composedai, 
coloured rays, which, when bltfided together, appear 
colourless or white. 

Sir Uaac Newton, to whom we are indebted for the 
must important discoveries respecting light and colours, 
was the iirat who divided a white rav of light, and found 
it to connistof an assemblage of coloured rays, which 
■ form«d Ml image upon the wall. Such as you now sec 
cxhiliiled, (fig. -i.) in Mhid-. :lic dUjil-ivcd ih.- foilowinj; 
'icries of colours : red, oran^t^, yLlUnv', gretu, blue, lu- 
. digo, and violet. 
~ Emily. But how does n ^ism^ separate these colour- 
ed rays ? , ..■■"■■ r ■ 

-tfrs. B. By reflection. It appears that the colour- 
ed rays have difftrent degrees of refrangibility ; in pass- 
ing through the prism, therefore, they take different di- 
rections according to their susceptibility of refraction. 
The violet rays deviate most from their original couise; 
they appear at one of the ends of^ithie Bpectiiim A B: 
contiguous to the violet, are the (jtOe ilM, l}eing those 
which have somewhat teas refnmg^biliiyj then follov, 
in succession, the green, yellow, orange; iigpd, lastly, die>] 
' red, which are the least refrangible of the coloured.- 
rays. 

Carotins. I caaniat tonceive how tliesa .colours, mix- 
. ,~ ed together, can become wfutc ? 

Mrs. B. That I cannot pretend to explain ; but it is 
a fact that the union of these colours, in the proportions 
in which they appear in the spectrum, produce in us 
the idea of whiteness. If you paint a card incompart- 
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nents with these seven colours, and whirl it rapidly on 
H pin, it will appear white. 

But a more decisive proof of the composition of a 
irhite ray is aifordcd by reuniting these coloured Tays, 
md fonning with theni a ray of white light. 

Caroline. If you can take a ray of white light to 
Meces, and put it together again, I shall be quite satis* 
ied. 

Mrs. B. This can be done by letting the coloured 
rays, which have been separated by a prism, fall upon 
liens, which will converge them to a focus ; and if, 
iSsiea thus reunited, we find that they appear white as 
kty did before refraction, I hope that you will be con- 
iticed tliat the while rays are a compound of the seve- 
d-coloured rays. The prism P, you see, (fig, 5.) ae- 
rates a ray of white light into seven coloured rays, 
i the lens L L brings them to a focus at F, where 
fliey agdn appear white. 

Caroline. You succeed to perfection: this is indeed 
a most interesting and conclusive experiment, 

Emily. Yet, Mrs. B., I cannot help thinking, that 
tfiere may perhaps be but three distinct colours in the 
spectrum, red, yellow, and blue; and that the fouf 
Others may consist of two of these colours blended to- 
gether; for, in painting, we find that by mixing red and 
yellow, we produce orange ; with different proportions 
-rf red and blue, we make violet or any shade of purple ; 
and yellow and blue fonn green. Now it is verynatu- 
ral to suppose, that the refraction of a prism may not 
be so perfect as to separate the coloured rays of light 
Completelv, and that those which are contiguous in or- 
der of refrangibility may encroach on each other, and 
by mixing produce the intermediate colours, orange, 
green, violet, and indigo. 

Mrs. B. Your observation is, I believe, neither qui^e 
wrong, nor quite right. Dr. Wollaston, who has re- 
fracted light in a more accurate manner than had been 
[previously done, by receiving a very narrow line of 
li^t on a prism, found that it formed a spectrum^ ccm- 
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Bisting of rays of four colours only ; bufe-Ac^ 
exactly those you have named as primitive coloul 
they conaisied of rtti, green, blue, and violet. A vay 
narrow line of yellow was visible, at the limit of the led 
and green, which Dr. Wollaaton attributed to the over* 
lapping of the edges of the red and green light. 

Caroliiu. But red and green mixed together, do not 
produce yellow? 

Mrs. B. Not in painting ; but it may be so in the 
primitive rays of the spectrum. Dr. Wollaaton ob- 
servtd thai, by increasing the breadth of the aperture 
by which the line of light was admitted, the space occu- 
pied by each coloured ray in the spectrum was aug^ 
mented, in proportion as each portion encroached oa' 
the neighbouring colour and mixed with it ; so thatihe 
intervention of orange and yi:ll(i\v, between the rednitd 
green, is owing, he supposes, to the mixture of these 
two colours, and the blue is blended on the one side with 
the green, and on the other with the violet, forming die 
spectrum as it was originally observed by Sir Isaac 
Newton, and which I have just shown you. 

The rainbow, which exhibits a series of colours so 

. analogous to those of the spectrum, is formed by ihe 

refraction of the sun's rays in their passage through 3 

' shower of rain, every drop of which acts as a prjam, in 

separating the coloured rays as they pass through it. 

Eviily. Pray, Mrs. B., cannot the sun's rays be col- 
lected to a focus by a lens in the same manner as they 
are by a concave mirrpr ? 

•Vrs. B. No doubt the same effect is produced by the 
refraction of a lens as by the reflection of a concave 
mirror : in the first, the rays pass through the glass and 
converge to a focus behind it ; in the latter, they arc 
reflected from the mirror, and brought to a focus before 
it. A lens, when used for the purpose of collecting the 
Sim's rays, is called a burning glass. The sun aow 
shines very bright ; if we let the rays fall on this lens 
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Emily. Oh yes : the point of uiuod of the rays i 
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iVery luminous. I will hold a piece of paper m the fo- 
cus, and sec if it will take fire. The spot of light is ex- • 
tremely brilliant, but the paper does not burn i 

Mrs. B. Try a piece of brown paper ; — that you 
see takes tire almost immediately, 

Caroline. This is surprising ; for the light appeared 
to shine more intensely on the white than on the brown 
^aper. 

, iSfra. B. The lens collects an equal number of rays 
■to a focus, whether you hold the white or the hrown 
paper there ; but the white paper appears more lumi- 
nous in the focus, because most of the rays, instead of 
entering into the paper, are reflected by it ; and this is 
the reason that the paper is not burnt : whilst, on the 
contrary, the brown paper, which absorbs more light 
dian it reflects, soon becomes heated and takes fire, 

Caroline. This is extremely curious ; but why should 
brown paper absorb more rays than white paper I 

Mrs. B. I am far from being able to give a satisfac- 
tory answer to that (Question. We can form but mere 
icanjecture on this pomt; and suppose that the tendency 
to absorb, or reflect rays, depends on the arrangement 
of the minute particles of the body, and that this diver- 
sity of arrangement renders some bodies susceptible of 
reflecting one coloured ray, and absorbing the others ; 
whilst other bodies have a tendency to reflect all the 
colours, and others again, to absorb them all. 

Emily. And how do you know which colours bo- 
dies have a tendency to reflect ; or which to absorb ? 

Mrs. B. Because a body always appears to be of llie 
colour which it reflects ; for, as we see only by reflected 
■ rays, it cannot appear but of the colour of those rays. 

Caroline. But we see all bodies of their own natural 
colour, Mrs. B. ; the grass and trees, green ; the sky, 
blue; the flowers of various hues. 

Mrs. B. True ; but why is the grass green ? — be- 
:ause it absorbs all except uie green rays ; it is there- 
fore these only which the grass and trees teflcct to 
tour eyes, and which makes them appear green. The 
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CiirvNiw- Wbat cokmr do yoa suppoK dtcm u bc^ 
then, in the dark ? 

Mrt. B. None at all ; or blaci, which is the amt 
thing. You can never see objecti without light. Li^( 
is composed of colours, therefore there can be no tight 
without colours ; and though every object is black, or 
without colour in the dark, it becomes coloured, as soon 
111 it becomes visible. It is visible, indeed, but bj the 
■ okiurcd rays which it reflects ; therefore we can see it 
iiiilv when coloured, 

t'oToline. All you say seems very true, and I know 
nut whnt to object to it ; yet it appears at the same time 
incredible! What, Mrs. B., are we all as black ai 
nr^rocs, in the dark? you make me shudder at the 
ih ought. 

•Vrii, U. Your vanity need not be alarmed at &e 
ld«a, M vou are certain of never being seen in that «tate. 

Caroline. That ii some consolauon, undoubtedfyf 
■ttt whM'ft melancholy reSectioa it is, that all natoTt 
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which appears so beautifully diversified with colours 
should be one uniform mass of blackness ! * 

JIfrs* B. Is nature less pleasing for being coloured, 
as well as illumined by the rays of light ; and are co- 
lours less beautiful, tor being accidental, rather than 
essential properties of bodies i 

Providence appears to have decorated nature with 
the enchanting diversity of colours, which we so much 
ajdniire, for the sole purpose of beautifying the scene, 
wid rendering it a source of pleasurable enjoyment : it 
is an ornament which embellishes nature, whenever we 
behold her. What reason is there to regret that she 
does not wear it when she is invisible f 

Emily. I confess, Mrs. B., that I have had my 
doubts, as well as Caroline, though she has spared me 
the pains of expressing them ; but I have just thought 
of an experiment, which, if it succeeds, will, I am sure, 
satisfy us both. It is certain, that we cannot see bo- 
dies in the dark, to know whether they have then any^ 
colour. But we may place a coloured body in a ray of 
light, which has been refracted by a prism ; and if your 
theory is true, the body, of« whatever colour it naturally 
is, must appear of the colour of the ray in which it is 
placed 5 for since it receives no other coloured rays, it 
can reflect no others. 

Caroline, Oh ! that is -an excellent thought, Emily ; 
will you stand the test, Mrs. B.? 

Mrs* B. I consent : but we must darken the room, 
and admit only the ray which is to be refracted ; other- 
wise, the white rays will be reflected on the body un- 
der trial, from various parts of the room. With what 
do you choose to make the experiment ? 

Caroline* This rose : look at it, Mrs. B., and tell me 
whether it is possible to deprive it of its beautiful co- 
lour? 

Mrs. B. We shall see. — I expose it first to the red 
rays, and the flower appears of a more brilliant hue 5 
but ob-srve the green leaves— 
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CaivliMt. They appear neither r«tl nor green ; but ai 
a ding} brown with n rcd<li^ giow ! 

•Vnt. fl. They camnol be green, because Uiey Iiivc 
uo gnrcn ravs to reflect ; neither are they red, becauK 
green bodies ^isorb most of the red rays. But thougti 
bodies, from the arrangcinent of their particles, have I 
tendcDC)- to absorb some rays, and reflect others, y<t it 
is not natural to suppose, thai bodies are so perfectly 
tinifbrm in their arrangement, as to reflect only pure 
raya of one colour, and perfectly absorb the others; h 
is found, on the contrary, that a body r-: fleets, in greit 
abnndance, the rays which determine its colour, and 
the others, in a greater or less degree, in proportion U 
they are nearer or further from its own colour, in tbe 
order of refrangihility. The green leaves of the rose, 
therefore, will reflect a few of the red rays, whidi, 
blended with ihtir natural blackness, give them that 
Urown tinge ; if they reflecti^d none of the red ravs, they 
would appear perfectly black. Now I shall hold the 
rose in the blue rays — 

Carolive. Oh, Emily, Mrs. B, is right ! look atfte 
rose ; it is no longer red, but of a dingy blue colour. 

Etnilil. This is the most wonderful of any tiling W» 
have yet leajnt. But, Mrs, B,, what is the reason that 
the green leaves are of a brighter blue than the rose? 

•Mrs. B. The green leaves reflect both blue and yel- 
low raya, which produces a green colour. They are 
now in a coloured ray, which they have a tendency to 
reflect; they, therefore, reflect moie of the blue rays 
than the rose, (which naturally absorbs that colour,) 
and will, of course, appear of a brighter blue. 

Emily. Yet, in passing the rose through the differ- 
ent colours of the spectrum, the flower takes them more 
readily than the leaves. 

■Mrs. B. Because the flower is of a paler hue. /Bo- 
dies which reflect all the rays are white ; those ^hich 
absorb them all are black: between these extremes, the 
l>ody appears lighter or darker, in proportjon ' to d» 
quantity of rays they reflect or absorb. This rose is rf 
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e red ; it approaches nearer to white than black j it 
therefore reflects rays more abundantly than it absorbs 
them. 

Emily. But if a rose has so strong a tendency to 
Tefiect rays, I should have imagined tJiat it would be 
of a deep red colour. 

^rs. B. I mean to say, that it has a general tenden- 
'■cy to reflect rays. Pale-coloured bodies reflect all the 
coloured rays to a certain degree, which produces their 
paleness, approarhing to whiteness : but one colour they 
reflect more than the rest ; this predominates over the 
white, and determines the colour of the body. Since, 
then, bodies of a pale colour in some degree reflect all 
the rays of light, in passing through the various colours 
of the spectrum, they will reflect them all with tolera- 
isle brilliancy ; but will appear most vivid in the ray of 
their natural colour. The green leaves, on the contra- 
ry, are of a dark colour, bearing a stronger resemblance 
to black, than to white ; they have, therefore, a greater 
tendency to absorb, than to reflect rays ; and reflecting 
-very few of any but the blue, and yellow rays, they will 

rear dingy in passing through the other colours of 
spectrum. 

Caroliue. They must, however, reflect great quanti- 
ties of the green rays, to produce so deep a colour. 

.Wrs. B, Deepness or darkness of colour proceeds 
rather from a deficiency than an abundance of reflect- 
td rays. Remember that bodies are, of themselves, 
black; and if a body reflectsonly a few green rays, it 
[Brill appear of a dark green ; it is the brightness und in- 
tensity of the colour which show that a great quantity 
of rays are reflected. 

Emily. A white body, then, which reflects all the 
rays, will appear equally bright in all the colours of the 
spectrum. 

Mrs. B. Certainly. And this is easily proved by 
pauing a sheet of white paper through the rays of the 
.^>ectruin. 




flenaK nwar £wn- or wfencr fv ca 

M%.m. Tbe ftflov cast of *cv 
as aCnkiBg^ w^m ererf dbicxt ba» s jcBow tinge. 

£■%. Pny,«^dars tkcavapptvidldiniq^ 

JIfrl S. Ii is supposed to be owin^ to die red rm 

ln% tng a greater roorocntuai, which gives them poirei 
lo trat tnc m> dense ao mncKplicric, For the same m- 
•oo, the tun gcnenfiy appean red at ristog and seraog, 
a% Ibc iocTcailed quantity of atmosphere, which the ob- 
lique rays must traverse, loaded with the mists and va- 
poun which are usually formed at those times, prevents 
the 'viher rays from reaching us. 

CuroUnt. And, pray, why are the skies of a blue co- 
lour f 

t^trt. B, You should rather say, the atmosphere ; for 
the nky is a very vag;ue term, the meaning of which it 
wiinld hr. diffii:u1t to define philosophicaUy- 

Cnroliitr, Bui the colour of the atmosphere should 
be white, aince all the rayslravcrse it in their passage 
to the enrth. 

JVrt, II. Do not forget that we see none of the rays 
whii h pass from the Biin to the earth, excepting those 
which iiicit our eyes ; and this happens only if we look 
Hi ihr Hun, and thus intercept the rays, in which case, 
yon know, the Kun appears white. The atmosphere is 
t lraii«i>nrcnt medium, through which the sun's rayS 
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ass freely to the earth ; but when reflected back urto 
le atmosphere, their momentum is conaidsrably dimi- 
iahed ; and they have not all of them power to traverse 
: a second time. The momentum of the blue rays U 
; these, therefore, are the most impeded in their 
■n, and are chiefly reflected by the atmosphere : this 
eficction is performed in every possible direction ; so 
^^at whenever we look at the atmosphere, some of these 

Ks fall upon our eyes ; hence we see the air of a blue 
^^ our. 'If the atmosphere did not reflect any rajM, 
ilough the objects on the. surface of the earth would be 
UuTninated, the skies would appear perfectly black. 

Caroline. Oh, how melancholy that would be ; and 
low pernicious to the sight, to be constantly viewing 
right objects against a black sky. But what is the 
eaaon that bodies often change their colour ; as leaves 
which wither in autumn, or a spot of ink which pro 
duces an iron-moidd on linen ? 

tW-j. B. It arises from some chemical change, which 
takes place in the internal arrangement of the parts, by 
*hich they lose their tendency to reflect certain colours, 
Bad acquire the power of reflecting others. A wither- 
W leaf thus no longer reflects the blue rays ; it appears, 
tiierefore, yellow, or has a slight tendency to reflect se- 
vOal rays which produce a diugy brown colour. 

An ink-spot on linen at first absorbs all the rays j but, 
3tposed to the air, it undergoes a chemical change, and 
he spot partially regains lis tendency to reflect colours, 
but with a preference to reflect the yellow rays, and 
lich is the colour of the iron-mould. 

Emily. Bodies, then, far from being of the colour 
which ihey appear to possess, are of that colour which 
ttiey have the greatest aversion to, which they will not 
incorporate with, but reject and drive from them. 

JSrs. B. It certainly is ao ; though I scarcely dare 
venture to advance such an opinion, whilst Caroline is 
contemplating her beautiful rose. 

Caroline, My poor rose \ you are not satisfied with 
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~ J iyi i »ft a of ctA—r, bi* c<gB maix it lure anna- 
rioB to ■> i ami I an aaoiik to maaOmAtX too. 

AhAl Snce dart boAeB ^aarb mtan solvim 
i ^^ BAi o»e«, t Wfaimj - Aanld aoier be hcMedit 
^ cspoM ID the a 

Jfri. ff- And dxT are (bund br experience to be so, 
Have voa nrrer observed a black dress to be Mima 
tbm a white ooe 

Emilf. Ye«, and a wbite ooe more dazzling : ih 
black is heated br absorbing die rays, tbc vhtte dai- 
Eling by rcfiectiBe tbem. 

Caratime. And this was tbe rrason ihu the bron 
paper was burnt tn the focus of the lens, whilst dx 
white paper exhibited the most luminous spot, hat did 
not take fire. 

Mrs. B. It was so. It is now full time to conclude 
our lesson. At our Dcxt niceting, I shall give yon 
description of Uie eye. 
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OPTICS. 

^M THE STRUCTURE OF THE BYE, AND OPnCAL INSTRUMENTS. 

mnCBIFTlON OF THB ETS. — OF THX HfAOX ON TBB BETIITA.— ]|XFBi.CTIOK 
^ or THB HUMOUBB OF TBB BTX. — OF THE USE OF SF£CTi.CLE8.»0F THE 
• aZirOLB XIOSOtCOPB.— OF THE SOUBI^ MICHOSCOFE.'^OF THB SOLAR MI- 

CK08C0PB. — ^MAeXC LAHTHO&V.— SXFBACTXHQ TELBBCOFB.— BEFLXCTIire 

TBJUB8C0FB. 



MRS. B. 

The body of the eye is of a spherical form : (fig. 1. 
plate XXL) it has two membranous coverings ; the ex- 
ternal one, a a a, is called the sclerotica ; this has a pro- 
1*ection in that part of the eye which is exposed to view, 
>h^ which is called the cornea, because, when dried, it 
has nearly the consistence of very fine horn, and is suf- 
ficiently transparent for the light to obtain free passage 
through it. 

* The second membrane which lines the cornea, and 
envelopes the eye, is called the choroid, ccc; this has 
an opening in front, just beneath the cornea, which forms 
the pupil, d d, through which the rays of light pass into 
the eye. The pupil is surrounded by a coloiu'ed bor- 
der called the iris, e e, which, by its muscular motion, 
always preserves the pupil of a circular form, whether 
it is expanded in the dark, or contracted by a strong 
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>K^. Tfais jroQ will andcntand better by cMmmM 
Sg.2. 

Bmilf. I ^d not know- dot die {w^ wu smei^- 
ble of vKTyhig its dimeiuioas. 

Mn. B. The coostnictioa of ^x eye is so admire 
ble, that it is capable of sulapdog itael£, more or lMS,tfl 
the circuinstanc<;s in which it b placed. In a funt 
lif^t the pupil dilates so as to receive an oddititmil 
quantity nrrays, and in a strong light it contracts, in 
ord.^T to prevent the intensity of the light from injuring 
thx iiptic BKnif Oboerve Emily's eves, as she siu 
looking towards the windows : her pupils appear TCiy 
small, and the iris large- Now, Emily, turn from tM 
light, aiid co^'i-r your ej'es with your hand, so as entire- 
ly to exclude it for 3 few moments. 

Ccrafuu. Mow very much the pupils of her eyes an 
DOW enlarged, and the iijs diminished. This is, no 
doubt, the reason why the eyes suffer pain, when from 
darkness they suddenly come into a strong light; for 
the pupil being dilated, a quantity of rays must rush d 
before it has time to contract. 

Emily. And when we go from a strong light into 
obscurity, we fir.st imagine ourseUes in total darkness; 
for a sufficient number of rays cannot gain admittance 
into the contracted pupil, to enable us to distinguish ob- 
jects : but in a few minutes it dilates, and we cleariy 
perceive objects which were before invisible. 

Mrs. B. It is just so. The choroid c c, is embued 
with a black liquor, which serves to absorb all the raw 
that are irregularly reflected, and to convert the body 
of the eye into a more perfect camera obscura. When 
the pupil is expanded to its utmost extent, it Is capable 1 
of admitting ten times the quantity of light that it doM 
when most contracted. In cats, and animals which are 
said to see in the dark, the power of dilation and cod- 
trartion of the pupil is still greater: it is computed th»t 
their pupils may receive one hundred times more lij^l 
at one time than at another. 

Within these coverings of the cyc-ball arc contained 
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iree transparent substances called humours. The first 
Knpies the space immediately behind the cornea, and 
called the aqueous humour,//, from its liquidity and 
I resemblance to water. Beyond this is situated the 
iystalline humour, g g, so called from its clearness and 
ansparency : it has the' form of a lens, and refracts the 
■a of light in a greater degree of perfection than any 
X have been constructed by art : it is attached by two 
tUBcles, m. m, to each side of the choroid. The back 
art of the eye, between the crjstalline humour and the 
tina, is filled by the vitreous humour, A ft, which de- 
i-es its name from a resemblance it is supposed to bear 
I glass or vitrified substances. 

The membranous coverings of the eye are Intended 
liefly for the preservation of the retina, t i, which is 
r far the most important part of the eye, as it is that 
hich receives the impression of the objects of sight, 
codveys it to the mind. The retina consists of an 
Kpansion of the optic nerve, of a most perfect whitc- 
iess : it proceeds from the brain, enters the eye, at n, 
in the side nest the nose, and is finely spread over the 
iterior surface of the choroid. 

The rays of light which enter the eye by the pupil 
refracted by the several humour* in their passage 
lugh thehi, and unite in a focus on the retina. 
Caroline. 1 do not understand the use of these re- 
ing humours : the image of objects is represented 
,the camera obscura, without any such assistance. 
JUn, B. That is true; but the representation would 
much more strong and distinct, if we enlarged the 
ming of the camera obscura, and received the rays 
ito it through a lens. 

I have told yon that rays proceed from bodies in all 
laible directions. We must, therefore, consider every 
of an object which sends rays to our eyes, as points 
k which the rays diverge, as from a centre. 
\Simily. These divergent rays, issuing from a single 
'^^—- I believe you told us, were called a pencil of 




.^1. B. Yea. Noir, flirCT^eat ntvs, on 
ihc pupil, do not cross each other ; the pupiL, 
•• auficwntly large to admil a small pencil < 
aad lb»c, if not refracted to a focus by the I 
would cntniouc diverging after they h^ passed^ 
pti, would fall dispersed upon the rptina« and d 
una^ of a single point would be expanded ovef J 
portion of the retina. The divcrgciu nyi f 
Other point of the object vrould be spread qv< 
cxtrni of space, and woutd inlerfere and be < 
with the first ; so that no distinct image could 
cd, and the retina would reprrsent total coofosi 
of bgurc and colour. Fig. 3. repf^sents two 
my* iftsuing from two points of the tree A H_ 
tering the pupil C, refractc<I by the crystalline 
D. and forming distinct images of the spot they 
ceed from, on the retina, at a b. Fig. 4. difi^rs 
the preceding, merely from not being siipplied'with > 
lens; in consequence of which the pencils of rays .an 
not refracted to a focus, and no distinct image is fot«- 
ed on the reuna. I have delineated only the rays isso- 
ing from two points of an object, and distinguished Uw 
two pencils in fig. 4. by describing one of them widi 
dotted lines ; the interference of these two pencils of 
rays on the retina will enable you to form an idea of 
the confusion which would arise, from thousands and 
millions of points at the same Instant pouring their di' 
vergent raya upon the retina. 

EinUy. True ; but I do not yet well understand Yam 
the refracting humours remedy this imperfection, 

Mn, B. The refraction of these several humonrc^ 
unite the whole of a pencil of rays, proceeding from XKf 
one point of an object, to a corresponding point oh die 
retina, and the image is thus rendered distinct and 
strong. If you conceive, in fig. 3., every point of the 
tree to send forth a pencil of rays similar to those, ' " 
eveiy part of the tree will be as accurately repi 
on the retina as the points a b. 
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Bmily. How admirably, how wonderfully, this is 
X>atrived • 

Caroline. But since the eye requires refracting hu- 
Edouts in order to have a distinct representation formed 

I the retina, why is not the same refraction necessary 

r the image formed in the camera obscura? 

Xrs. B. Because the aperture through which we re- 

rived the rays into the camera obscura is extremely 

siali J so that but very few of the raj's diverging from 

^X point gain admittance ; but we will now enlarge the 

iperture, and furnish it with a lens, and you will find 

"ne landscape to be more perfectly represented. 

Caroline. How obscure and confused the image is 
low that you have enlarged the opening, without put- 
ting in the lens. 

Mrs. B. Such, or very similar, would be the repre- 
septation on the retina, unassisted by the refracting hu- 
mours. But see what a difference is produced by the 

troduction of the kns, which collects each pencil of 
divergent rays into their several foci. 

Caroline. The alteration is wonderful; the repre- 
isentadon is more clear, vivid, and beautiful than ever, 

Mrs. B. You will now be able to understand the na- 
ture of that imperfection of sight, which arises from the 
eyes being too prominent. In such cases, the crj-stal- 
line humour, D, {fig. 5.) being extremely convex, re- 
fracts the rays too much, and collects a pencil, proceed- 
ing from the object A B, into a focus, F, before they 
reach the retina. From this focus, the rays proceed 
diverging, and consequently form a very confused image, 
on the retina, at a b. This is the defect of short-sight- 
»1 people. 

£mily. I understand it perfectly. But why is this 
defect remedied by bringing the object nearer to the 
!yc, as we find to be the case witli short-sighted people t 

J^S. B. l"he nearer you bring an object to your eye, 

the more divergent the rays fall upon the crystalline 

~ inour, and they are consequently not so soon conver- 

) to a focus : this focus, therefore, cither falls upon 




VI9C for null p c noa * n have a cootnir dcCect 
airiit i that n to say, in vbom the ciystalliBe bmnDDi, 
being too fltt, docs not tciract the lays sufficiently, ■» 
that tfaer reach the retina before ther are converged to 
a point ' 

Guvtine. I sui>pcse that a contrary remedy must be . 
applied to diis defect; that is to say, a amvcxlcDS, 
L M, tig> S^ to make up for the deficiency of convexity 
nf the crystalline humour, O P. For t&e convex leni 
would bring the rays nearer together, so that they would 
fall either tess divergent, or parallel on the crystaltiDC 
humour ; and, by being sooner converged to a focus, 
would fall on the retina. 

Mrs. B. VcTy well, Caroline. This is the reason 
why elderly people, the humours of whose eyes are de- 
cayed by age, are under the necessity of using convex 
spectacles. And when deprived vi that resource, they .. 
hold the object at a distance from their eyes, as in fig-J 
4, ill order to bring the focus forwarder. ^ 

Canrfine. I have often been surprised, vhcn p^ 
gnudfathcr reads without his spectacles^ to ace him 
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the retina, or at least approaches nearer to it, and the 
ubject is proportionably distinct, as in fig; 6. 

Emily* The nearer, then, you bring an object to a 
lens, the further the image recedes behind it. 

J^rs. Bm Certainly. But short-sighted persons have 
another resource for objects which they cannot approach 
to their eves ; this is to place a concave lens, C D, (fig. 
1. plate aXII.) before the eye, in order to increase the 
divergence of the rays. The effect of a concave lens 
is, you know, exactly the reverse of a convex one : it 
renders parallel rays divergent, and those which are 
already divergent, still more so. By the assistance of 
such glasses, tnerefore, the rays from a distant object 
fall on the pupil, as divergent as those from a less dis- 
tant object ; and, with short-sighted people, they throw 
the image of a distant object back as far as the retina. 

Ckzrohne. This is an excellent contrivance, indeed. 

Mrs. B. And tell me, what remedy would you de- 
vise for such persons as have a contrary defect in their 
sight ; that is to say, in whom the crystalline humour, 
being too flat, does not refract the rays sufficiendy, so 
that they reach the retina before they are converged to 
a point ? 

Caroline. I suppose that a contrary remedy must be 
npplied to this defect ; that is to say, a convex lens, 
L M, fig. 2., to make up for the deficiency of convexity 
of the crystalline humour, O P. For the convex lens 
would bring the rays nearer together, so that they would 
fall either less divergent, or parallel on the crystalline 
humour ; and, by being sooner converged to a focus, 
would fall on the retina. 

Mrs. B. Very well, Caroline. This is the reason 
why elderly people, the humours of whose eyes are de- 
cayed by age, are under the necessity of using convex 
spectacles. And when deprived of that resource, they 
hold the object at a distance from their eyes, as in fig. " 
4, in order to bring the focus forwarder.* 

Caroline. I have often been surprised, when my 
grandfather reads without his spectacles, to see him 
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^^^d the book at a considerable distance from his eyes. 
5^^t I now understand it ; for the more distant the ob- 
"l^^t is from the crystalline, the nearer the image will 

i ^mily. I comprehend the nature of these two oppo- 
*^ defects very well ; but I cannot now conceive, how 
?^y sight can be perfect : for if the crystalline humour 
^ of a proper degree of convexity, to bring the image 
^* distant objects to a focus on the retina, it will not re- 
^^esent near objects distinctly ; and if, on the contrarj', 
?^^ "is adapted to rive a clear image of near objects, it will 
produce a very imperfect one of distant objects. 
\/J^. B. Your observation is very good, Emily; and 
^t is true, that every person would be subject to one of 
"ftese two defects, if we had it not in our power to in- 
crease or diminish the convexity of the crystalline hu- 
. Aiour, and to project it towards, or draw it back from 
•tile object, as circumstances require. In a young well- 
cqpstructcd eye, the two muscles to which the crj-stal- 
lifie humour is attached have so perfect a command 
/ over it, that the focus of the rays constantly falls on the 
retina, and an image is formed equally distinct both of 
distant objects and of those which are near. 
\ Caroline. In the eyes of fishes, which are the only 
. 'eyes I have ever seen separate from the head, the cor- 
nea does not protrude, in that part of the eye which is 
- exppsed to view. 

KjMrSm jB. The cornea of the eye of a fish is not more 
convex than the rest of the ball of the eye ; but to sup- 
ply this deficiency, their crystalline humour is spheri- 
caS, and refracts the rays so much, that it does not re- 
. i^uire the* assistance of the cornea to bring them to a 
focus on the retina. 

. .Emily, Pray, what is the reason that we cannot see 
.an object distinctly, if we approach it very near to the 
eye ? 

Mrs. B. Because the rays fall on the crystalline hu- 
itibur too divergent to be refracted to a focus on the re- 
tina, the confusion, therefore, arising from viewing an 

X 2 
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iJtjea loo actf tbe en, k st*ibr in Ifaat wbidt jro- 

Rscb Ibe rctma bcion ib» we callecKd to a facus. (^ 
♦.) IfrtwereiMtfbrilmnipcr£ceaian,weti»iiklbe 

WC aftpvoacfc them very nesr the ejc, (bcir inu^ ob 
tbe rajna wodld be so nnch magnified as to reodtt 
tbennsibfe. 



Bmilif. And could there be no contHvance to coo- 
»ey die ray* of objects viewed close to the rye, so that 
tbcj- tboul'd be retracted to a (beus on the retina? 

Mn. B. He microscope is cooMructed for this puT- 
po«c. Tbe single microscope (fig. 5.) consists simply 
of a convex lens, commoDly calltcl a inaniifH-Liig glas&-, 
in the focus of which the object is placed, and throut^ 
which it is viewed : by this neanst you are enabled te 
approach your eye very near (be object, for the lens A 
B, by diminishing the divergence of the rays, before I 
ihey enter the pupil C, makes them Call parallel on the 
crj stalline humour D, by which they are refracted lo a [ 
focus on the retina, at R R. 

Enuly. This is a most admirable invention, and DO- I 
thing can be more simple, for the tens magnifies the I 
object merely by allowing us to bring it nearer to Ae ; 
eye. I 

Mrs. B. Those lenses, therefore, which have die ' 
shortest focus will magnify the object most, because 
ihey enable us to bring the object nearest to the eye. 

Emily, But a lens, that has the shortest focus, is 
tnost bulging or convex ; and the pi^lubcrance of the 
- Jcuft will prevent the eye from approaching very near 
to the object. 

Mrs. B. This is remedied by making the lens ex- 
tremely small ; it inay then be spherical without occu- 
pying Audi space, and thus unite the advantages of a 
HHort focus, and of allowing the eye to approach th* oIk 
joct. 

Cnrolvie. We have a microscopeatliome, which U 
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ktauch more complicated instrument than that you ha\'e 
:de scribed. 

JUra. B. It is a double microacope (fig. 6.), in which 
X see, not the object A B, but a magnified image of 
Kt, ab. In this microscope, two lenses are employed, 
■the one, L M, for the purpose of magnifying the ob- 
it, is called the object-glass ; the other, N O, acts on 
B principle of the single microscope, and is called the 
I eye-glass. 

There is another kind of microscope, called the solar 
jroBCope, which is the most wonderful from its great 
iifying power : in this we also view an image lorm- 
jr;a lens, not the object itself. As the sun shines, 
h. show you the effect of this microscope ; but for 
a purpose, we must close the shutters, and admit on- 
f a small portion of light, through the hole in the win- 
low-ahutter, which we used for the camera obscura, 

■ We shall now place the object A B, (plate XXIII. fig. 
1 1.) which is a small insect, before the lens C D, and 

■ nearly at its focus : the image £ F, will then be repre- 
I sented on the opposite wall m the same manner as the 
I landscape was in the camera obscura ; with this differ- 
ftenfie, that it will be magnified, instead of being dimi- 
f^nished. I shall leave you to account for this, byexam- 

g the figure. 

Hiily. 1 see it at once. The image E F is magni- 
fiiedf because it is farther from the lens, than the object 
t A B ; while the representation of the landscape was di- 
rninished, because it was nearer the lens, than the land- 
■scape was. A lens, then, aiiswers the purpose equally 

■ well, either for magnifying or diminishing objects ? 

•Afrs. B, Yes: if you wish to magnify the image, 
I you place the object near the focus of the lens ; if you 
I wish to produce a diminished image, you place the ob- 
f j^ct at a distance from the lens, in order tlial the image 
I may be formed in, or near the focus. 

Caroline. Thcmagnifyingpower of this microscope, 

t is prodigious : but the indistinctness of the image for 

want of light is a great imperfection. Would it not b« 
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edMto 

die object: if a sinrilar 

Hfl^t upoD the leru, would it not be a means of iDiiiiii- 

natin^ the obiect more perfectly I 

Mr$. B, You are t}uite ri^it. P Q (fig;. 3.) is a 
small mirror^ placed od the omade of the window-shot- 
ter, which receives the incident rays S S, and reflects 
them on the lens X Y. Now that we have comfdetcd 
the apparatus let us examine the mites on this piece of 
cheese, which I place near the focus of the lens* 

Caroline, Oh, how much more distinct die image 
now is, and how wonderfully magnified! The mites 
on the cheese look like a drove of pigs scrambling over 
rcKks. 

Emily* I never saw any dung so curious. Now, 
an immense piece of cheese has fallen : one would ima- 
gine it an earthquake : some of the poor mites roust 
have been crushed ; how fast diey run, — they absolute- 
ly seem to gallop. 

JBut this microscope can be used only for transparent 
objects ; as the light must pass through them to form 
the image on the wall I 

JUrSw B. Very minute objects, such as are viewed 
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a a microscope, are ^nerally transparent ; but when 
^paque objects are to be exhibited, a mirror M N {fig. 
P^ is used to reflect the light on the side of the object 
next the wall : the image is then formed by light rc- 
Tected from the object, instead of being transmitted 
through it. 

Kmiltf. Pray, is not a magic lanthom constructed 
F en the same principles ! 

Mrs. B. Yes ; with this difference, that the light is 
Bupplied by a lamp, instead of the sun. 

The microscope is an excellent invention, -to enable 
Bs to see and distinguish objects, which are too small 
to be visible to the naked eye. But there are objects, 
niuch, though not really small, appear ao to us, from 
their distance j to these we cannot apply the same re- 
medy ; for when a house is so far distant, as to be seen 
under the same angle as a mite which is close to us, the 
effect produced on the retina is the same ; the angle it 
subtends is not large enough for it to form a distinct 
image on the retina. 

Emily. Since it is impossible, in this case, to ap- 
proach the object to the eye, cannot we by means of a 
lens bring an image of it nearer to us ? 

M'S. V. Yes ; but then^ the object being very dis- 
tant from the focus of the lens, the image would be too 
small to be visible to the naked eye. 

BmUy. Then, why not look at the image through 
(mother lens, which will act as a microscope, enable ua 
to bring the image close to the eye, and thus render it 
visible? 

Mrs. B. Very well, Emily j I congratulate you on 
having invented a telescope. In figure 4. the lens C D, 
forms an image E F, of the object A B ; and the lens 
X Y serves the purpose of magnifying that image ; and 
this is all that is required in a common refracting telc- 

£mUy. But in fig. 4. the image is hot inveiied on 
ihe retina, as objects usually are ; it should therefore 
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Bmiif. The £fcnace bctvecaa 
•deacope, Kcnu tobcifat>:> 
auniaed asagc, because i^ object 
MU a tcleacope produces a ■*™"*'^'*if il image, 
die ot^'ect is fbrtbcst from the lens. 

•Ifri. B. Your obaervatiaa apfdlcs onlr to the kiK 
C D, or object-glass, which serres to brine an inu^ <l 
the object nearer the ere ; for the lens X T, or eye- 
glass, IS, in fact, a microscope, as its purpose is to raag- 
nify the ima^. 

When a veri- great magDifyiog power is required, 
telescopes are constructed with coocave mirrors, iosleid 
of lenses. Concave mirrors, you know, produce by rt- 
flcction, an effect similar to that of cont-ex lenses hj 
ri'fraction. In refitcting telescopes, therefore, minDn 
urc used in order to bring the image nearer the ^'C \ 
and a lens or eye-glass the same as In the refracong 
telescope lo magnify the image. 

The advantage of the reflecting telescope is, that mit- 
rorB whose focus is six feet will magnify as much u 
lenses of a hundred feet. 

Carnline. But I thought it was the eye-glass only 
which magnified the image; and that the other lens 
served to bring a diminished image nearer to the eye. 

Jtfrs, B. The image is diminished in comparison to 
' the object, it is true ; but it is magnified if you com- 
pare it to tlic dimensions of which it would appear widi- 
OUt the intervention of any optical instrument; and this 
, magtiifying jwwer is greater in reflecting thaa 
frncting telescopes. 
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We must noyr bring our observations to. a conclusion, 
r I have communicated to you the whole of my very 
lited stock of knowledge of Natural Philosophy. If 
i^ill enable you to make further progress in that sci- 
ce, my wisnes will be satisfied ; but remember that, 
order that the study of nature may be productive of 
ppiness, it must lead to an entire confidence in the 
sdom and goodness of its bounteous Author. 
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Crystals, 17 
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Divisibility, 15, 17 



£. 






£arth,25, 88, 104, 110, ir 
Kcho, 188 

Eclipe, 133, 137, 195 
Ecliptic, 107, 114 
Elastic bodies, 50, 51 

fluids, M, 36, 144, 16G 
Ellipsis, 93 
Essential properties, 15 



26*^ 



INDEX. 



EihalataoAs, 18 
Extension, 15, 16 
Equator, 114 
Equinoi, 123, 124 

precesiion of, 128 
Eye, 200 



Fill of bodies, 29, 33, 38, 46 

Figure, 15, 16 

Fluids, 145 

elaitic, 145, 166 
equilibrium of, 146, 171 
prciiure o^ 147, 161, 172 

Flying, 50 

Focui,216 

of convex mirron, 217 
of concmve, 21 8 
of a lens, 227 

Force, 41 
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166^ 

Fountains, 165 
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Frigid zone, 115, 122 

Fulcrum, 68 

G. 

General properties of bodies, 15 
Georgium Sidus, 105 
Glass, 225 

refraction of, 225 

burning, 230 
Gold, 152 
Gravity, 25, 29, 39, 42, 46, 63, 64 

H. 

Harmony, 189 
Heat, 23, 126 
Hemisphere, 113, 123 
Hydrometer, 155 
Hydrostatics, 145 
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image on the retina, 202, 211 
Image reversed, 204 

in plain mirror, 212 



Image in convex ditto, 215 

in concave, 315 
Impenetrability, 15 
Inclined plane, 68, 83 
Inertia, 15, 19, 41 
Juno, 104 
Jupiter, 104, 137 

L. 

Lake, 163 

l4ititude, 116, 136 

Lens, 226 ' 

convex, 226 
concave, 227 

Lever, 68 

first order, 73 
second ditto, 75 
third ditto, 75 

Light, 193 

pencil of, 193 
reflected, 196 
of the moon, 198 
refraction of, 221 
absorption of, 331 

Liquids, 145 

Longitude, 116, 135 

Luminous bodies, 192 

Lunar month, 132 
eclipse, 134 

M. 

Machine, 68, 82, 85 

Magic lanthorn, 250 

Mars, 104 

Matter, 15, 49 

Mechanics, 68 

Mediums, 193, 221, 228 

Melody, 190 

Mercury planet, 103, 138 

Mercury, or quicksdvery 174 

Meridians, 115 

Microscope, 241 

single, 246 
double, 247 
solar, 247 

Minerals, 17 

Minutes, 115 

Monsoons, 181 

Month, lunar, 132 

Momentum, 48, 72 
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Moon, 99, 100, 105, 133, 139 
Moon-ligrht, 198 
Motion, 20, 41, 48, 50 
'uniforra, 43 

perpetual, 45 

retarded, 45 

accelerated, 45 

reflected, 54 

compound, 58 

circular, 59, 91 

axis of, 60, 69 

centre of; 60, 69, 140 

diurnal, 97 
Musical instruments, 189 
Mirrors, 212 

reflecUon of, 212 

plane or flat, 215 

convex, 215 

concave, 215, 217 

axis of^ 215 

burning, 218 

N. 
Neap tides, 141 
Nerves, 202 

auditonr, 189, 202 

optic, fkiO, 202 

olfactoiy, 203 
Night, 97 
Nodes, 122, 130 

O. 
Octave, 190 
Odour, 18 
Opaque-bodies, 193 
Optics, 192 
Orbit, 102 

P. 

Pallas, 104 

Parabola, 63 

Parallel lines, 32 

Pellucid bodies, 143 

Pencil of rays, 193 

Pendulum, 119 

Perihelion, 94 

Perpendicular lines, 22, 54, 125 

Phases, 133 

Piston, 174 

Plane, 114 



Planets, 95, 100, 127 

Poles, 113 

Polar star, 122, 136 

Porosity, 52 

Powers, mechanical, 68 

Projection, 62, 89 

Precession of the equinoxes, 128 

Pulley, 68, 77 

Pump, 39, 40 

sucking or lifting, 174 

foreing, 176, 178 
Pupil of the eye, 200 

B. 

Rain, 158 

Rainbow, 230 

Rarity, 22 

Ray of light, 193 

of reflection, 196 
of incidence, 196 

Rays, intersecting, 201 

Reaction, 49 

Receiver, 39 

Reflection of light, 196 

angle of, 56, 213 
of mirrors, 212 
of plain mirrors, 215 
of convex mirrors, 215 
of concave mirrors, 
215 

Reflected motion, 54 

Refraction, 221 

of the atmosphere, 

224 
of glass, 225 
ofa lens, 226 
of a prism, 227 

Resistance, 68 

Retina, 201 

image on, 202 

Rivers, 157 

Rivulets, 160 

S. 
Satellites, 100, 130, 138 
Saturn, 105 
Scales or balance, 69 
Screw, 68, 83 
Shadow, 134, 194 
Siderial time, 129 



